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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


FOREWORD 


In 1953 the Ath Congress of the International 
Association for Quaternary Research (INQUA) 
was held in Rome. A committee was nominated 
there to consider regional and worldwide prob- 
lems of Pleistocene Correlations and Nomen- 
clature. The committee addressed itself to spe- 
cialists in different parts of the world with the 
question: „how is the Pleistocene subdivided in 
your country?” 


Twenty-one replies to this question were re- 
ceived. Thus it appeared that the Pleistocene is 
subdivided in at least twenty-one different ways. 
These subdivisions were published in Quater- 
naria, vol. II (Rome, 1956). To this publication 
a suggestion was added by the committee, in- 
tended for the members of the Sth INQUA Con- 
gress to be held in Spain in September next, to 
the effect that they should lecture on correlation, 
as this may result in a considerable reduction of 
the number of local names. 


In the Netherlands this suggestion was carried 
out by the „Geologische Sectie” of the „Ko- 
ninklijk Nederlands Geologisch-Mijnbouwkun- 
dig Genootschap”. On 20th and 21st March 1957 


a symposion was organized at Amersfoort with 
the object to establish a correlation of the Plei- 
stocene deposits between the Netherlands and 
other regions. The present author was invited to 
conduct the symposion. The following papers 
will give an idea of the problems discussed. It 
will be seen that Belgian colleagues also co- 
operated very effectively. 


For practical reasons it seemed impossible to 
print in full the discussions that arose after the 
papers had been read. Therefore only those 
remarks are to be found which seemed most 
essential with regard to the subject of the sym- 
posion. 


In my opinion the result of the symposion 
was a positive one. In the first place we should 
thank the collaborators for this. But many thanks 
are also due to Mrs. J. E. Struwe-Bast who with 
undiminished energy, made preparations for the 
symposion. 

The conclusion I ventured to draw at the 
end of the symposion is to be found in the last 
pages of this issue. 

I. M. VAN DER VLERK 


LES PRINCIPES DE LA SUBDIVISION GENERALE DU PLEISTOCENE EN EUROPE 
: P. TESCH £ 


La division principale de Penck et Brückner 
existe depuis un demi-siecle et a &t€ jugee utile 
et applicable par beaucoup d’examinateurs se- 
rieux pour les pays montagneux de l’Europe cen- 
trale. La nomenclature qui appartient est assez 
generalement acceptee. La division principale 
partagee sur quatre details est precedee d’une 
p£riode de transition qui actuellement est aussi 
comptee appartenir au Quaternaire. 

A mon avis il est impossible de se figurer les 
glaciations de l’Europe centrale et de l’Europe 
septentrionale sinon synchrones. 

Au contraire je crois les efforts d’introduire 
une subdivision basee sur la notion de stadiales et 
diinterstadiales trop hypothetiques et trop faible- 
ment fonds. En rapport avec ce qui precede je ne 
suis pas d’accord avec la creation sans cesse de 
nouveaux termes, ambition largement embarras- 
sante. 

L’evolution organique est extremement lente. 
C'est pourquoi la connaissance palontologique ne 
peut pas dominer la division du Quaternaire, pe- 


riode tres courte. L’origine des depöts doit &tre 
consideree le premier principe et la paleontolo- 
gie en est une des ressources. 

Les couches dans les Pays Bas constitu&es pour 
une grande partie de sable grossier accompagn& 
de cailloux, rangeant du gravier fin jusqu’aux 
gros bloceaux, sont evidemment des formations 
glacigenes parce que le transport doit &tre at- 
tribue A une abondance de glace flottante du- 
rant les Etes courts: 

Mes propositions sont les suivantes: 


(1.) adopter la division principale du Quater- 
naire alpin comme un schema digne de 
confiance pour toute l’Europe; 


(2.) Etudier l’origine des formations (le facies) 
en faisant usage de tous les moyens dis- 
ponibles; 

(5.) essayer de bätir une stratigraphie plus de- 
taillee en tenant compte des differences 


qui peuvent Etre comprises par les condi- 
tions locales. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


THE ANSWER TO A COMPETITION SET IN 1923 
F. J. FABER1 


It is remarkable that the development of our 
knowledge of the glacial epoch should have been 
stimulated many times by competitions in re- 
sponse to which important replies were sub- 
mitted. Perhaps Professor Eugene Dubois had this 
in mind when, in 1922, the Faculty of Science 
of the Municipal University of Amsterdam of- 
fered a prize, and he formulated the competitors’ 
task as follows: 

„Ihe Faculty requires the Netherlands Plei- 

stocene and Pliocene to be subdivided with 

reference to the glacial epochs of the Alps and 
of Scandinavia-Finland”. 

This competition elicited one answer, which 
was given honourable mention. It was by the 
present writer. Insistent requests that it should 
be published were received from many quarters. 
However, I took no such action, because the 
paper did not satisfy me. But, on reconsidering 
the matter, I think that publication might well 
have served a useful purpose, and therefore I 
shall now give a brief summary of my answer. 

This answer included a detailed study of the 
literature of the subject, which was necessary in 
order to determine the state of our knowledge. 
It was essential to ascertain the glacial ages 
through which the Alps, Scandinavia and Finland 
have passed. In addition, it was also important 
to know what information was available about 
glacial ages in Germany and the Netherlands 
(and perhaps Great Britain). 

The study proved to be interesting, but the 
result was decidedly discouraging. The work of 
Penck and Brückner certainly deserves the 
unstinted admiration of all; but from this it ap- 
peared that although they had concluded that 
four glaciations had taken place (most of them 
with fluctuations), they would not assume this 
number to be anything like definite and they 
made it clear that there was room for further 
discoveries. Accordingly, they chose the names 
for the glacial ages in alphabetical order, thus 
leaving room for the insertion of other names 
between or in front of them. It is true that 


1 Instituut van Mijnbouwkunde, Delft. 


they did not do this latter themselves; but others 
did. This fact in itself implies that the Alpine 
scheme could not be taken as a hard and fast 
basis in making correlations. 

The situation was no more favourable as 
regards the glacial ages of Scandinavia and Fin- 
land. The prevailing view was that only three 
glaciations had been proved to have occured 
there. This „only” implies that is was generally 
considered that the number had not been finally 
determined in this case either. 

Nor had the number of ice ages been defini- 
tely established in the Netherlands as yet. Van 
Baren, who was a good observer but was unable 
to popularize his ideas among fellow geologists, 
pleaded for at least two glaciations. 


Jonker also felt inclined to assume two ice 
sheets, for quite different reasons; but in his 
opinion, they did not necessarily have to fall in 
different glacial ages. This subject was brought 
up again much later; in 1922 it was still an un- 
solved problem, in respect of which all one could 
say was that most geologists favoured the idea 
of one ice cap. 

Even if this figure were to be regarded as final, 
it would still be difficult to answer the question 
raised. The Netherlands had to be compared with 
Scandinavia, but in point of fact not enough was 
known about the stratigraphy of either of these 
regions. Accordingly, it would be necessary to 
begin by investigating the stratigraphy, and af- 
terwards to correlate results. This would involve 
going far beyond the bounds of the task set by 
the competition. 

Just the same, in order to tackle the problem, 
a start was made from „our” glaciation, in respect 
of which we know for certain that the ice moved 
from Fenno-Scandia to our country. For the time 
being we shall leave out of consideration the 
question in which of the Scandinavian glacial 
ages this happened. There are four possibilities 
of correlation with the Alps (assuming that there 
were four glaciations there) viz.: 

(1.) the Dutch glacial covering was previous 
to the Riss stage in the Alps, and corres- 


ponds to one of the older periods; 


(2.) the Dutch glacial covering was more re- 
cent than the Riss stage in the Alps; 


(3.) the Dutch glacial covering was synchronous 
with the Riss stage in the Alps; 


(4.) the Dutch glacial epoch does not corres- 
pond to any of the Alpine glaciations. 


The question now is how to achieve correlation 
for at no point did Scandinavian ice come into 
direct contact with that from the Alps. However, 
it is possible that, in conjunction with the glacial 
deposits, there were fluvio-glacial deposits, which 
may have touched each other somewhere. 

An attempt can also be made to make use of 
the consequences of the climatic changes, which 
affected not only the deposits but also the 
forms of terrain. However, in my entry for the 
competition it was pointed out that changes in 
the position of the sea level also had an effect. 
This may, for instance, have caused terraces to 
rise, or may have resulted in differences in grain 
size of the sediment deposited by rivers. And it 
may be that a glacial (or a synchronous) deposit 
lies between two marine deposits, and that the 
latter may be correlatable over wide areas, since 
they are the result of regional movements of the 
sea level, and not of local crustal movements. 
However, in our country the latter probably also 
had an effect! 

In my entry, particular attention was paid to 
the movements of the sea level, because, as far 
as was known, their influence on the geological 
history of our country had not been investigated 
until then. The „Eem layers” were an object of 
especial interest. These had already been inter- 
preted as the result of fault-trough formation. 
But here a transgression was undoubtedly in the 
first place the result of a rise in sea level in the 
(last) interglacial age. (Penck, however, allocated 
the Eem transgression to the penultimate inter- 
glacial period.) 

Unfortunately, it was impossible to demon- 
strate with certainty other interglacial transgres- 
sions in our deposits, albeit there were some 
indications. For instance, I knew that marine 
shells had been found in the subsoil at Wasse- 
naar and that they were not typical Eem shells. 

Ail these aspects were considered, and, in so 
doing, the newly introduced theory of Wegener 
was also discussed, together with the relevant 
shifts of the pole and their effect on the position 
of the sea level. But unfortunately, nothing af 
all this produced an answer to the questions 
raised. 

Finally, detailed attempt was made to revise 
the division of our „Diluvium” based on the grain 


size of the deposits. Evidently local conditions 
had also influenced the grain size of the deposits. 
The latter are usually lenticular but could easily 
be classified is zones by Lorie, although if Lorie 
had not begun his studies in the Western Ne- 
therlands, he‘ might perhaps have arrived at 
another classification. No factors could be ad- 
duced which indicated that crustal movements, 
movements of the sea level, or climatic changes 
ought to be designated as the cause of variation 
in grain size. 

A survey of the Pliocene was also given, and 
an attempt was made to find indications of 
changes in climate. These are actually present, 
but no correlation with the Alps could be 
achieved with them either, for data on the Plio- 
cene of the Netherlands were still scanty at that 
time. It was assumed that the deposits in Belgium 
and in Great Britain correspond with those in 
our country, and this classification was therefore 
accepted. It was then found that this classifica- 
tion too had been based on change of fauna re- 
sulting from the fall in temperature owing to 


“an approaching glacial epoch. In 1923 the Am- 


stelian was still considered as belonging to the 
Pliocene. 


At the end of his paper, the writer came to 
the conclusion that the division requested cannot 
yet be made. In order to do this, it would be 
necessary to do so much work, and field work 
in particular, that it would be impossible for 
one person to perform the task in a year. It was 
pointed out as probable that the marine character 
of the Eem layers was a typical consequence of 
a rise in the sea level in an interglacial interval, 
viz. in the Riss-Würm interval. In that case, our 
glaciation would then be identical with the pe- 
nultimate one of Scandinavia, and possibly with 
what is known in the Alps as the Riss glacial. 
It was, however, clearly emphasized that there 
was no evidence for this view. Nor were any 
arguments found for the opinion that was then 
gaining popularity, to the effect that „our” gla- 
cial period corresponded with the Mindel. 

The result of this competition was therefore 
negative. When it was publicly judged on Foun- 
ders Day of the Municipal University of Am- 
sterdam (1923) my paper was praised by Dubois, 
who remarked that he would have liked to have 
seen more (hypothetical) divisions and corre- 
lations included in it. „For”, said he, „a bad 
hypothesis is better than no hypothesis”. 


Since then I have repeatediy asked myself 
whether this pronouncement is correct, generally 
speaking. And I have not yet found a satistactory 
answer to that question! 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


VEGETATION, CLIMATE AND TIME-CORRELATIONS 
IN THE EARLY PLEISTOCENE OF EUROPE 


W. H. ZAGWIJN! 


INTRODUCTION 

One of the most striking features of the 
Pleistocene — its great vicissitude of climate — 
also affords a basis for its chronological subdi- 
vision. Since Penck and Brückner gave their 
synthesis on the Alps during the Ice Age, their 
scheme of successive glacial and interglacial 
stages has been the foundation on which much 
work on pleistocene stratigraphy has been based. 
It is not my intention here to give any survey of 
well-known facts and opinions in this field of 
Quaternary research, though difficulties have 
proved to be numerous and we are still a long 
way from the ideal state: a universal chronolog- 
ical scheme of subdivision of the Pleistocene, 
based on phases with alternating glacial and inter- 
glacial climates. From this it results that in the 
author’s opinion such a scheme cannot be derived 
from e.g. the solar radiation curve. This might 
perhaps be a useful instrument in explaining the 
changes in climate observed, its detailed ap- 
plication to them is open to many interpretations. 

In recent years it has been put forward that 
for the time being only subdivisions pertaining 
to more or less restricted areas should be made, 
selying as much as possible on paleontological 
data. In particular such a subdivision has been 
made for the Netherlands by Van der Vlerk and 
Florschütz (1950, 1953) who were among the 
first in’'this new approach of the problem. It was 
also Van der Vlerk (1955) who emphasized the 
importance of the interglacials for correlation 
within the Pleistocene, each of them being char- 
acteristic by its flora and fauna. 


The present author also thinks, that not every 
subdivision of the Pleistocene should be based 
on climatic change. In his opinion any strati- 
graphic subdivision should start as a local subdi- 
vision based on differences in properties of the 
rock-successions within a certain area and on the 
recognition of their genesis. In pleistocene geo- 
logy many lines of research can be helpful in 
such a study, such as geomorphology, heavy 
mineral investigation, pollen-analysis, invertebrate 
and vertebrate paleontology, radiocarbon dating, 
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paleopedology, etc. 

In the lithostratigraphical sequence thus ob- 
tained climate is not the decisive factor for 
subdivision. Of course, I do not mean to say 
that climate should not be used at all. Climatic 
evidence is most important for correlation pur- 
poses in such work, but should not be the stand- 
ard of subdivision in local studies, for which 
the succession of rocks should be taken. Once 
this is well-known a climatic time-stratigraphy 
can be built up based on the climatic evidence 
having been met with in the rock-successions 
of a certain suitable area. Such a climatic subdi- 
vision is bound to be of a regional charac- 
ter. 

The views given here are in close accordance 
with those expressed by Hedberg (1954), in 
stratigraphical classification in general. It is the 
present author’s opinion that there is no funda- 
mental difference in the methods which are to be 
employed in „normal” stratigraphy and in plei- 
stocene stratigraphy, except for one, as detailed 
time-correlations in the Pleistocene can be based 
on changes in climatic conditions, which is (at 
least up till now) not the case in older periods. 

In the present paper the author will give a 
review of his studies on Dutch Eearly Pleistocene 
climatic succession and the chronology derived 
therefrom. This work has been done during the 
last few years at the Geological Survey of the 
Netherlands and was originally started by J. W. 
Chr. Doppert (Doppert and Zonneveld, 1955). 
The further results will be published in the 
course of this year (Zagwijn 1957). The chronol- 
ogy is mainly based on the Lower Pleistocene 
rock-succession in the Southeastern Netherlands 
already previously worked out by other authors 
(especially Zonneveld, 1947; Doppert and Zon- 
neveld, 1955), having been modified only 
slightly, mainly in its terminology. In this study 
it was the vegetation history recorded by pollen- 
analysis, that was used almost exclusively as an 
indicator of climatic conditions and their changes 
during this time. Furthermore this paper will try 
to link the Dutch sequence with some other 
European deposits which have been investigated 


by means of paleobotany. 
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PALEO-CLIMATIC EVIDENCE 


What is paleo-climatic evidence? As such I 
regard evidence derived from the presence of 
boulder clay, fluvioglacial deposits, cryoturbation 
phenomena, the character of fossil flora and 
fauna, etc, but certainly not a succession of river 
terraces, which can possibly be explained by as- 
suming certain climatic changes. Of course such 
a succession may yield a climatic sequence on 
account of the evidence met with in its deposits 
and such climatic evidence can be very impor- 
tant. It should, however, be clearly separated 
from the mere hypothesis explaining the mor- 
phological succession. About the same can be 
said of ancient shore lines. High shore lines may 
be accounted for by interglacial eustatic rise of 
sealevel, but only if their interglacial age can be 
proved by other, e.g. paleontological evidence. 
This holds especially for older Pleistocene times, 
when the influence of tectonical processes was 
often more important than later. Often the li- 
thological character, whether coarse or fine, of 
fluvial deposits has been used as an indication 
of a glacial or interglacial climate. This proce- 
dure is at least fallible and has already given rise 
to serious misinterpretation (cp. the remarks on 
this matter by Brouwer, 1948, and Zonneveld, 


1947). 


INTERGLACIAL AND GLACIAL CLIMATES 


For the following discussion it will be neces- 
sary to give definitions of interglacial and glacial 
climates, based on the study of past vegetation. 
The difference between the present climate (Ho- 
locene) and that of the last glacial phase can 
afford a standard for comparing climates of more 
remote Pleistocene times. As the author’s ex- 
perience is limited to the Netherlands and 
adjoining regions, conditions in this area will 
be taken as a basis for discussion. In other regions 
definitions will likely have to be modified ac- 
cording to the climatic conditions prevailing 
there at present and in the last glacial phase. 

For our regions the boundary between the last 
glacial phase and the. Holocene is drawn at the end 
of the Younger Dryas time (Burck, Florschütz 
and Tesch 1948; v. d. Hammen 1950). This level 
can be dated by !!C. ‘The boundary is drawn, 
where a subarctic park landscape is replaced by 
forests in which thermophilous trees increase as 
they immigrate. As thermophilous are regarded 
at least those trees which during the present 
climate and that immediately preceding can reach 
a noteworthy increase. As interglacials are re- 
garded all those pleistocene periods with a vege- 
tation development which was at least comparable 
to that in the Holocene. 


A good example of an interglacial is provided 
by the Eemian. It shows a well-developed zona- 
tion, with an initial phase of cool forests with 
pine and birch and thermophilous trees immigra- 
ting. Then an increase and domination of the 
thermophilous ‚deciduous trees, first mixed oak 
forest and hazel, then hornbeam. The interglacial 
sequence is concluded by a phase of coniferous 
trees (spruce, pine and fir), which shows the 
decline of climate towards the next cold phase. 
With many modifications this sequence can be 
observed also in other interglacial phases (cp. 
Selle, 1953; A. Brouwer, 1948, for the Needian: 
Lüttig and Rein, 1954, and Thomson, 1949, for 
the Cromerian). 

So an interglacial is that lapse of time which 
was warm and also long enough to permit the 
full immigration and expansion of thermophilous 
trees. Similar views have been put forward i.a. 
by Gross (1956, p. 90). 

On the other hand a glacial phase is that 
lapse of time in which at the latitude of the 
Netherlands the climate became so cold that at 
least a subarctic park-vegetation could establish 
itself, whereas thermophilous trees were more or 
less completely exterminated (cp. Younger Dryas 
Time), some species of mediocrate character 
perhaps surviving in small quantities. Thus a 
glacial phase will be followed by re-immigration 
of these plants. 


Both interglacials and glacials can show minor 
climatic fluctuations. 


A temporary improvement of climate within 
a glacial phase which does not give rise to a 
complete re-immigration and full expansion of 
the thermophilous flora, may be called intersta- 
dial (cp. Allerod). In such a phase partial re- 
immigration of the thermophilous trees might be 
observed, but these do not reach a dominating 
position in the forests owing to the relatively 
weak and short improvement of the climate. 

A temporary cooling of the climate within an 
interglacial phase may be called cool oscillation. 
Such a cooling checks the growth of the ther- 
mophilous flora, but this is not completely ex- 
terminated. Only a few of the most thermophilous 
species might disappear. After an oscillation the 
thermophilous flora restores itself immediately 
and immigration will only be noticeable for 
perhaps some very thermophilous species. 

The boundary between a glacial and an inter- 
glacial can be drawn in a way analogous to that 
in which it is drawn between the last glacial and 
the Holocene. In a similar way the beginning of 
a glacial is marked by the establishment of a 
subarctic vegetation type. 


u 


THE EARLY PLEISTOCENE SEQUENCE IN 
THE S.E. NETHERLANDS 


General statement 


In this paragraph a short account of the li- 
thostratigraphy and chronology of the Early 
Pleistocene in the S.E. Netherlands will be given. 
A more detailed discussion will be published soon 
(Zagwijn 1957). 


Lithostratigraphy 


The lithostratigraphical sequence (cp. Hedberg, 
1952) of the fluvial and other continental Low- 
er Pleistocene deposits is summarized in table 
I, column 3. The characterization of the different 
formations and their members is provided mainly 
by their lithological habit and their heavy mi- 
neral associations, in part also by the occurrence 


‘of certain characteristic combinations of fossils 


(Zonneveld, 1947; Doppert and Zonneveld 1955; 
Pannekoek c.s., 1956). 


Chronology 

From pollen-diagrams from peat and clay de- 
posits occurring in this rock sequence a chronol- 
ogy based on changes in climatic could be esta- 
blished. These have mainly been recorded by 
pollen-analysis. 

Within the Sterksel formation part of the 
Cromerian interglacial was found at Westerhoven 
(Zagwijn and Zonneveld, 1956). This interglacial 
is characterized by a well-developed Ouercetum 
mixtum phase and the absence of Carya, Ptero- 
carya and Tsuga. Azolla filiculoides is present. 
Other isolated spectra from this formation also 
point to an interglacial climate (Zagwijn, 1957). 
There is, however, no complete pollen-analytical 
record throughout the whole formation, so its 
top part might very well date from the glacial 
after the Cromerian (Elsterian), as in the German 
Lower Rhine district indications of cryoturba- 
tions have been found in the corresponding 
„Jüngere Hauptterasse” (Kaiser, 1956). 

From the investigations near Westerhoven it 
seems, that here at least no stratigraphical gap 
between the Sterksel formation (with interglacial 
climate) and the underlying Kedichem formation 
is present. Here, as well in many other places 
the top part of the Kedichem formation was de- 
posited under subarctic conditions. At Wester- 
koven the Kedichem-Sterksel limit coincides 
with the rather gradual climatic transition from 
glacial to interglacial (Zagwijn and Zonneveld, 
1956). The same is also observable in the pollen- 
diagram of Veghel (Zagwijn, 1957, see fig. 1 
in this paper). 

The most complete pollen-diagrams from the 
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Kedichem formation (cp. fig. 1) show a glacial 
at its base, an interglacial with Azolla filiculoides, 
Carya, Pterocarya and Tsuga in its middle part 
(see also Doppert and Zonneveld, 1955) and 
another glacial at its top. The basal glacial has 
been named by the author Eburonian, the follow- 
ing interglacial Waalian or Waal Interglacial, 
and the next glacial Menapian (for more details 
we refer to Zagwijn, 1957). One fact should be 
mentioned — that within the Waalian a cool 
oscillation seems to have occurred which is tes- 
tified by at least two pollen-diagrams one of 
which (from Doppert and Zonneveld, 1955) is 
given here (fig. 2, zone B). 

The Waalian shows the same characteristic 
pollen-assemblage (Carya, Pierocarya, Tsuga) as 
the Tiglian. It is separated from this, however, 
by a glacial (Eburonian). Moreover in the 
Waalian only Azolla filicnloides is found, 
whereas in the Tiglian Azolla tegeliensis occuts 
frequently. 

The next formation underlying it conformably 
in many places is the Tegelen formation. Its top 
member is the Tegelen clay, whose widespread 
occurrence has been dealt with in more detail 
by Zagwijn (1957). The remainder of the Tege- 
len formation consists of more or less coarse 
grained sands, gravels and sometimes intercalated 
clays. As yet there is no complete pollen-diagram 
available from this formation. Only from the Te- 
gelen clay there exists a more detailed record, 
especially owing to the investigations of Flor- 
schütz and Van Someren (1948). The greater 
part of the Tegelen clay shows an interglacial 
pollen-assemblage with Carya, Pterocarya and 
Tsuga, besides much Pinus and Picea. Furthermore 
Azolla tegeliensis is highly characteristic. Dia- 
grams from the top part of the Tegelen clay, 
however, show a strong cooling of the climate. 
In several instances this part of the Tegelen clay 
belongs already to the Eburonian (Zagwijn 1957). 


The scantily scattered pollen spectra of the re- 
mainder of the Tegelen formation are all of 
interglacial character. Also the faunal remains 
(e.g. in the borings Veghel) point to warm con- 
ditions. As records are still scarce, it is quite 
likely that one or more climatic. fluctuations oc- 
curred, though there is no indication that these 
have reached glacial conditions. 

Some slight indications of cooling of the cli- 
mate during the deposition of the basal part of 
the Tegelen clay have been mentioned by Flor- 
schütz, (table XIV, v. d. Vlerk and Florschütz, 
1953), from one pollendiagram of Tegelen, but 
in this case Pinus seems to preponderate only 
in that part of the diagram more than in the 
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remainder, whereas thermophilous trees like 
Pterocarya and components of the Quercetum 
mixtum ate present in about the same values at 
the base of the profile and in the middle. So I 
am of the opinion that this diagram may in- 
dicate a slight cooling during deposition of the 
basal part of the Tegelen clay, but this cooling is 


not so clearly expressed in the diagram as that 
in diagrams from the top beds of the Tegelen 
clay (v. d. Vlerk and Florschütz 1953, table x 
XVI; Rein, 1952, fig. 3), which show the trans- 
sition to the glacial phase of the Eburonian. 
To the Tegelen formation belong also the plei- 
stocene coarse sands (Ältere Diluvial-Schotter) 
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and super-imposed clay found in the pit Jans- 
sen-Dings at Belfeld (v. d. Vlerk and Florschütz, 
1950, 1953; Rein and v. d. Brelie, 1952), on 
account of the heavy-mineral content of the 
coarse sands. From this clay: a pollen-diagram 
pointing to an interglacial vegetation has been 
published by Florschütz (van der Vlerk and 
Florschütz, 1953). It shows i.a. Fagus, besides 
Carya, Pterocarya, Tsuga and traces of Nyssa, 
Sciadopitys and Taxodium-type, the latter per- 
haps being reworked from older deposits. As 
Florschütz and van der Vlerk at that time re- 
stricted the Tiglian to the Tegelen clay proper 
and this deposit of Belfeld (Belfeld clay) can be 
regarded as older, it was included within the 
Praetiglian, this being all Pleistocene before the 
first deposition of the Tegelen clay began. The 
present author, however, holds a different opinion 
on this matter. He restricts the name Praetiglian to 
a glacial phase which he was able to demon- 
strate at the top of the Kieseloölite formation 
and which will be discussed presently. From the 
deposits intermediate in age between this Prae- 
tiglian glacial and the Eburonian glacial, be- 
longing mainly to the Tegelen formation, up till 
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row only indications for interglacial climate 
have been recorded. This whole lapse of time 
is regarded by the author as one interglacial, the 
Tiglian, of which the exact vegetation-develop- 
ment is as yet very inadequately known. So the 
Belfeld clay is classified within the Tiglian, 
which is in accordance with the views of Rein 
and v. d. Brelie (1952). The deposition of the 
Tegelen clay is placed at the end of the Tiglian 
and at the beginning of the Eburonian. Further 
research will be necessary, however, to settle 
the nomenclature of the Tiglian more definitely. 

The Tegelen formation was deposited in val- 
leys cut in the preceding Kieseloölite formation. 
So the top members of this formation are found 
only beyond the area in which the Tegelen for- 
mation is found. Such a locality is the Meinweg- 
Herkenbosch area. Here the top member of the 
Kieseloölite formation is the Meinweg clay. The 
pollen-diagram obtained from this Meinweg clay 
is given in fig. 3. 

The basal part of the diagram reflects a vege- 
tation which has been found in exactly the 
same way at Reuver in the Reuver-clay (Florschütz 
en Van Someren, 1948), with Taxodium-type, 
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Sequoia-type, Nyssa, Liguidambar, Sciadopitys, 
Fagus, Garya, Pterocarya, Tsuga and much Alnus. 
As discussed by Zagwijn (1957) this part of 
the Meinweg clay is synchronous with the Reuver 


clay. In the middle part of the deposit this ther- 
mophilous forest-vegetation is replaced by a vege- 
tation of a subarctic park-landscape, with Pinus, 
some Alnus, Salix and a considerable amount of 
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herbaceous pollen. Thermophilous species are 
lacking (except for a few stray grains). ’The top 
part of the diagram reflects more temperate con- 
ditions again, but now only Carya, Pterocarya 
and Tsuga, besides some traces of Fagus and 
Schadepitys (this latter might have been 1e- 
worked), reappear. In other words this upper 
part of the clay shows the vegetation charac- 
teristic of the Tiglian. 

It was Florschütz (v. d. Vlerk and Florschütz 
1950) who ascribed the great difference be- 
tween the Reuver and Tegelen floras, to the in- 
fluence of an intervening time of cold, causing 
the less resistent part of the thermophilous Reu- 
ver-flora to die out. This first time with a cold 
climate is said to be the first glacial of the Plei- 
stocene epoch, according to the recommenda- 
tions of the Geological Congress, London 1948, 
there being no doubt that the Reuver clay is 
Pliocene. Evidence for this opinion is found in 
the above discussed pollen-diagram of the Mein- 
weg, which clearly shows the occurrence of a 
glacial phase between the Reuverian and the 
Tiglian. This glacial stage may be named Prae- 
tiglian, which according to v. d. Vlerk and 
Florschütz (1953) comprises all Pleistocene time 
preceding the Tiglian. Due, however, to the 
restricted sence in which these authors used the 
name of Tiglian, their Praetiglian has a wider 
range than it has according to the present author. 
In many other places in the S.E. Netherlands this 
Praetiglian glacial has been found also. 

In the foregoing the Reuverian was assumed 
to be Pliocene, which will hardiy be contested. 
The author’s studies on the pliocene vegetation 
(Zagwijn, 1957) do, indeed, indicate that the 
remarkably strong cooling of the Praetiglian was 
the first to justify the application of the term 
glacial. There did occur some cooling phases 
further down in the Pliocene, but their effect 
on vegetation is entirely different and in a way 
even hard to discern. So the Plio-Pleistocene 
boundary drawn at the first very marked cooling 
of climate in the Late Caenozoic should be placed 
at the boundary of the Reuverian and the Prae- 
tiglian. 


CORRELATIONS WITH MARINE DEPOSITS 


The above discussed litho-stratigraphical se- 
quence is of fluvial or at least continental origin. 
In the western part of the Netherlands, however, 
a great part of the Lower Pleistocene is marine 
(Van Voorthuysen, this issue). These marine de- 
posits extend to the southeast as far as Rosmalen 
near 's Hertogenbosch. Here they are overlain by 
members of the Tegelen formation. Within the 
marine deposits in this boring of Rosmalen, 
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which have been classified as Icenian, Doppert 
was able to establish the presence of a vegetation 
Characteristic of the Tiglian: Azolla tegeliensis 
(Florschütz, 1938) Pierocarya, Carya, Tsuga 
(Doppert and Zonneveld, 1955). 

In a boring in Zeeuws-Vlaanderen the author 
investigated pollen-analytically a marine clay 
which by its foraminiferal and malacological 
content could be classified in its lower part 
within the littoral Amstelian, and in its upper 
part within the Icenian (Van Voorthuysen, pers. 
comm.). The pollen-diagram points to deposition 
of this clay in the first half of the Praetiglian. 


CORRELATIONS WITH SOME OTHER 
EUROPEAN DEPOSITS, ON THE BASIS OF 
PALEOBOTANICAL EVIDENCE. 

As discussed by Zagwijn and Zonneveld 
(1956) the interglacial deposit of Westerhoven 
can be correlated with part of the Cromer forest 
bed ((Cromerian) of East Anglia (Thomson, 
1949) and with part of the clay deposit of Bils- 
hausen (N.W. Germany), which has also been 
placed within the Cromer interglacial (Lüttig and 
Rein, 1954). The „Tegelenton” — deposits of 
the western Lower Rhine district of which pol- 
len-diagrams have been published by v.d. Brelie 
and Rein (1952) belong to the Tegelen forma- 
tion in its eastward extension. Their Tiglian age 
is therefore evident. From the basin of Mayence 
Baas (1932) described an interglacial macro- and 
microflora, which has much in common with de 
Tegelen flora (Reid, 1915). Carya, Pterocarya and 
Tsuga are predominant in the pollen-diagram. 
It is usually classified as Tiglian. 

As in the Netherlands there appears to be 
another interglacial having much in common 
with the Tiglian but of younger date (the 
Waalian), the possibility might not be over- 
looked that the Schwanheim deposit is synchro- 
nous with part of this interglacial and not with 
the Tiglian. Finds of Azolla at Schanheim as well 
as investigations on the Waalian macroflora in 
the Netherlands might yield some clue as to 
which view is correct. From Poland Szafer (1954) 
described a beautiful sequence of macrofloras 
from Mizerna and Kroscienko. The floras Mi- 
zerna I and II and that of Kroscienko are plio- 
cene in character. Their exact correlation with 
the Dutch pliocene sequence is still a matter 
for future research. The flora Mizerna I/II 
shows a cool character (but not subarctic), Mi- 
zerna III/IV closely resemble the Tegelen flora, 
in the identity of many of their species, as well 
as in the present geographical distribution of 
their components. Szafer regards Mizerna III and 
IV as the equivalent of the Tegelen flora in the 
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Netherlands, whereas he refers the cool flora zerna II/II at the very beginning of the Tiglian. 
Mizerna I/II to a glacial indicated by him as The Praetiglian would then cover a stratigraph- 
„Günz”. The fact should be stressed, however, that ical gap which according to Szafer might be 
the climate character of the Mizerna II/III phase assumed between Mizerna II and II/III. It should 
is much less severe than that of the Dutch Prae- furthermore be noted that a Waalian age of the 
tiglian, so it might be preferable to place Mi- Mizerna III/IV «floras remains possible, as is the 
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case in Schwanheim, but for the time being this 
remains a mere hypothesis. 

At Sylt occur the so-called Kaolin-sands, which 
Wirtz and Illies (1951) allocated to the Lower 
Pleistocene. Pollen-analytical investigations of 
enclosed browncoal seams however clearly showed 
their Pliocene age (Weyl, Rein and Teichmüller, 
4955). 


A very important Early Pleistocene sequence 
investigated by pollen-analysis is the complex of 
peats and lake marls of Leffe in Northern Italy 
on the southern slope of the Alps. (Lona, 1950; 
Venzo, 1950). Due to its southern position its 
pollen-diagram is not directly comparable to 
those of N.W. European sequences. As fig. 4 we 
have reconstructed it from the data published 
by Lona, in a somewhat simplified manner. At 
the right hand side of the diagram the sum of 
Betula, Salix, Pinus and Picea is represented in 
grey. All remaining trees are included in the 
white space at the left hand side of the diagram. 
Within this space separate curves have been 
given for Tsuga, Carya + Pterocarya + Juglans 
and for the Ouercetum mixtum. Other genera 
not specially represented are i.a. Cedrus, Cas- 
tanea and Ostrya. Herbaceous pollen is of no 
importance within these deposits. Betula, Salıx, 
Pinus and Picea can be regarded here as indica- 
tors of a relatively cool or cold climate. Carya, 
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Pterocarya, Juglans and QOuercetum mixtum in- 
dicate a warm climate. (Full discussion in Lona, 
1950.) In the diagram three phases with rela- 
tively the coldest climate have been recognized. 
These are the phases indicated by Venzo and 
Lona as Günz III, Günz I and Donau II. Further- 
more two phases of minor cold (designated as 
cool by Lona) occur (Donau III and Günz II). 
Within the first three phases just mentioned, 
trees indicating a warm climate as well as medio- 
crate ones (Tsuga, Cedrus) are almost absent and 
the „cold” group reaches very high values. Within 
the two other cool phases the „cold” group also 
reaches high values, but the „warm” trees are 
still present, though in low percentages, and 
mediocrate forms as Cedrus and Tsuga remain 
important. Another character of this sequence is 
that the warm phase after Günz II does not show 
Carya, Pterocarya and Tsuga (except for a few 
stray grains of Pierocarya), whereas this assem- 
blage is very important in the phases with predo- 
minantly warm vegetation further down the pro- 
file. From this pollen-analytical record Lona 
constructed a climatic curve which is given at the 
right hand side of fig. 4. The horizontal scale of 
this graphic representation is the altitude at 
which in these regions a vegetation is now found 
comparable to that encountered in the different 
horizons of the Leffe sequence. Leffe is situated 
at an altitude of 400 metres. 
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| The Leffe sequence is capped by a fluviogla- 


cial deposit designated by Venzo as Mindel 
(Venzo, 1950), and it overlies almost directly 
deposits belonging to the Pliocene (Astiano- 
Villafranchiano inferiore ad Anancns avernen- 
sis. The names given by Venzo and Lona to the 
intervening climatic phases have been given in 
the middle column of fig. 4. They started with 
Donau II in order to fit in Eberl’s system of a 
threefold Donau. Their phase Donau I, however, 
is merely hypothetical and needs no further con- 
sideration here. 

It is regrettable that for the many climatic 
fluctuations which have been so beautifully re- 
corded at Leffe, a nomenclature has been em- 
ployed derived from geomorphological subdivi- 
sions north of the Alps and from the Milanko- 
vitsch curve. 

Especially the somewhat arbitrary reference of 
some warm phases to interglacials and of others, 
which do not show essential differences in their 
vegetation-development, to interstadials might 
give rise to confusion. 

In the following the present author will try 
to correlate the Leffe climatic sequence with that 
found in the Netherlands. In order to do so it 
will be necessary to reconsider which climatic 
phases at Leffe should be regarded as glacials and 
which as interglacials, etc. As the changes of vege- 
tation in these regions are in a way different 
from those observed in the N.W. European Early 
Pleistocene, the definitions given previously in 
this paper cannot be applied directly, but will 
have to be changed in order to suite the more 
southern position of this site. An attempt in this 
direction would be the following one. The phases 
Donau II, Günz I and Günz III are likely to 
represent glacials. They are characterized by 
forests consisting almost exclusively of ”cold” 
trees (Pinus, Picea, Betula, Salix), whereas the 
thermophilous trees are lacking. The intervening 
warm phases are interglacials, as they show very 
high maxima of the thermophilous trees. The 
phases Donau III and Günz II interrupting the 
first and second interglacial respectively, might 
be regarded as cool oscillations. During these the 
thermophilous trees did not completely disappear, 
and the forests consisted mainly of Pinus, Picea, 
Tsuga and Cedrus. So the translation of the Leffe 
climatic sequence into terms of glacial and inter- 
glacial times would tentatively be the following 
one: 


Interglacial Günz|Mindel 
Glacial Günz III 

; ) Günz II|III 
Interglacial Günz II 


(with a cool oscillation, Günz II) ) Ginz IH 
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Glacial Günz I 
Interglacial Be Günz 
(with a cool oscillation, Donau III) en hr 
Glacial era ty 


In this way a remarkable parallel to conditions 
in the Netherlands can be seen. The Günz/Mindel 
interglacial at Leffe has much in common with 
the N.W. European Cromerian, both being the 
first Pleistocene interglacial in which the typical 
Carya-Pterocarya-Tsuga assemblage is lacking. 
Moreover,Archidiskodon meridionalis has recently 
been reported from the Günz/Mindel interglacial 
at Leffe (Vialli, 1956). This prohibits a correla- 
tion with any interglacial of N.W. Europe, 
which is younger than Cromerian. The Günz 
I/II interglacial at Leffe would then correspond 
to the Waalian. Both are subdivided by a cool 
oscillation, both show the Carya-Pterocayra-Tsuga 
assemblage for the last time. The long stretch 
Donau II-Günz I would then correspond to the 
Tiglian in the Netherlands. As the climatic se- 
quence of the latter is still most inadequately 
known, it cannot be decided whether there is an 
equivalent for the cool oscillation Donau II 
which is so clearly represented at Leffe. As Do- 
nau II is at Leffe the first recorded Pleistocene 
glacial, and Pliocene deposits are situated at a 
short distance below it, it seems reasonable for 
the time being to correlate this phase with the 
Dutch Praetiglian. 


As to the division of the Pleistocene into an 
Early, Middle and Late Pleistocene, it can be said 
that from a paleobotanical point of view the 
boundary between the former two should be 
drawn between the Waalian and the Cromerian, 
perhaps at the end of the Menapian. In this way 
all Early Pleistocene interglacials would be cha- 
racterized by the Carya-Pterocarya-Tsuga assem- 
blage, which is not found in younger deposits. 
This Early Pleistocene covers the Upper Villa- 
franchian, at least in the way as it has been 
defined by Venzo (Venzo, 1950; cp. Vialli, 1956, 


Den. 


In summarizing the above it can be said that 
during the Pleistocene apparently more than four 
or even five glacials — as is often assumed — 
occurred. More investigations will have to be 
carried out in order to recognize their actual 
number. For the time being local subdivisions 
with local names will remain necessary. This is 
preferable to the often used way of splitting up 
the glacials of e.g. the fourfold division of Penck 
and Brückner into „stadials” in order to fit in the 
greater number of glacial phases observed. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


THE SUBDIVISIONS OF THE MIDDLE AND YOUNG PLEISTOCENE UP TO THE 
LATE-GLACIAL IN THE NETHERLANDS, ENGLAND AND GERMANY, 
MAINLY BASED ON THE RESULTS OF PALEOBOTANICAL INVESTIGATIONS 
KESELORSCHUFZA 


THE NETHERLANDS 


The pollen diagram drawn up after analysis 
of the interglacial clay deposit near Neede is 
characterized by its monotony: in nearly every 
spectrum Pinus or Alnus dominate, the first es- 
pecially at the base and in the middle, the latter 
chiefly at the top. There is some variation due to 
Picea and Abies, which even prevail in a few 
cases. Ouercetum mixtum, Carpinus, Betula, Salıx 
and Corylus are of little importance: they form 
hardly more than 10 %. „Tertiary” elements are 
not entirely absent: sporadically a pollen grain of 
Carya and Pterocarya was found, presumably also 
of Tsuga. Among the mesofossils sporangia of 
Azolla filiculosdes and Salvinia cf. natans are 
the most important. Of other plants, no longer 
indigenous, represented by macroscopic remains 
in the Neede clay, Staphylea, Trapa and Vitis 
should be mentioned. 

Probably the Neede pollen diagram does not 
reflect the entire history of forests in the penulti- 
mate interglacial. The domination of Pinus at 
the base can hardly be taken as an indication of 
a preceding cold period, nor can the upper spec- 
trum with 30% Pinus but also with 7% Car- 
pinus be looked upon as an indication of an 
approaching new one (Van der Vlerk and Flor- 
schütz, 1953). 

The Needian diagrams from the Noordoost- 
polder show the same domination of Pinus and 
Alnus. In the lower two spectra of parcel Q 28 
Pinus and Betnla dominate, the pollen percen- 
tages of thermophilous trees and of Corylus being 
low. This, combined with high percentage of 
Cyperaceae and rather high ones of Gramineae 
and varia, the presence of Selaginella (up to 
44%) and the absence of Azolla, may suggest 
a subarctic climate towards the end of the Taxan- 
drian or at the beginning of the Needian (Wig- 
gers, 1955). An examination of the lower spec- 


1 Paleobotanical Laboratory of the State Agri- 
cultural Experiment Stations, Velp (G.), The Ne- 
therlands. 


trum of the Needian in the Bantega diagram 
(Brouwer, 1948) may lead to the same conclu- 
sion. Besides, from the upper spectrum of this 
diagram one may infer that a new colder period, 
the Drenthian, was approaching or had already 
begun at the time when the layer concerned was 
deposited. One might call it a Drenthian Early- 
glacial. 

Apparently a milder phase interrupted the cold 
climate of the Drenthian. Macroscopic remains 
of thermophilous plants such as Limnanthemum 
and Salvinia, were found in humic layers be- 
tween — according to Steenhuis (1937) — „high- 
terrace” and „fluvioglacial”, e.g. in the neighbour- 
hood of the Oude IJssel and of the Regge (Van 
der Vlerk and Florschütz, 1953). They may be 
taken to indicate the presence of an interstadial, 
separating two stages of the Drenthian, a Dren- 
thian Pleniglacial A and a Drenthian Plenigla- 
cial B. The upper spectra of the Bergumer- 
heide and Spannenburg diagrams may also sug- 
gest this (Brouwer, 1948). 

During the Drenthian, presumably in its latter 
part, the vegetation in the south of the Nether- 
lands will have had, locally or regionally, the 
character of an almost treeless country, of a tun- 
dra, a steppe tundra or a light park landscape. 
Artemisia, Filipendula, Helianthemum, Tbhalic- 
trum and Selaginella formed part of its flora. 
Furthermore, the pollen diagrams from that region 
could lead to the conclusion that the transition 
to the Eemian was made bij a Drenthian Late- 
glacial. Probably at that time there also lived the 
group of subarctic plants remains of which were 
found at the base of the Brasenia peat in the 
Noordoostpolder and to which belonged Arcto- 
staphylos uva-ursi, Betula nana, Hippopha£ 
rhamnoides and Selaginella selaginoides (Van der 
Vlerk and Florschütz, 1953). 

The history of the Dutch forests was so much 
more varied in the Eemian than in the Needian, 
that often one may determine at first sight 
which of the two interglacials is represented by 
a given diagram. 
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In Eemian diagrams, both from Overijssel and 
the Peel district, several zones may be recognized 
which are distinguished in diagrams of deposits 
from the last interglacial in Denmark and North- 
west Germany (Florschütz en Anker-van So- 
meren, 1957). 


The deterioration of the climate towards the 
end of the Eemian is shown in Dutch diagrams 
(Zwolle - Zwartewater, Hengelo - Lockpit, Hen- 
gelo - Oilharbour, Asten - het Gevlocht) by a 
decrease of the percentages of pollen grains of 
thermophilous trees and an increase of those of 
Pinus or Betula, or of both. This might also be 
taken to reflect the beginning of the Tubantian, 
a Tubantian Early-glacial. In the Zwolle - Zwar- 
tewater diagram this ”subarctic” stretch is inter- 
tupted by a few spectra which make a consi- 
derably „warmer” impression and might repre- 
sent the first Tubantian interstadial. Similar 
spectra were yielded by the analysis of a layer 
of peat which was found in the section of the 
Hengelo Lockpit on top of the Eemian peat. 
Here the boundary between deposits from the 
Tubantian Early-glacial and the first Tubantian 
interstadial was formed by a layer of sand with 
remains of tundra animals which might have 
lived in the colder part of the first Tubantian 
stadial. In the neighbourhood of the Zwarte- 
water, near Zwolle, layers from this unfavourable 
time were missing: they either were never depo- 
sited or disappeared later on (Van der Vlerk and 
Florschütz, 1953). 


Together with finds of macroscopic remains 
of a tundra flora and fauna there and in the 
nearby Lockpit, the pollen diagram of the Hen- 
gelo Oilharbour may provide a good base for 
the subdivision of the Tubantian. 


So the upper part of a layer of peat, found in 
this place between 10.37 and 8.85 m underneath 
the surface, may be looked upon as formed in the 
Tubantian Early-glacial, in a subarctic climate. 
The next, arctic, period might then be called Tu- 
bantian Pleniglacial A. The following more fav- 
ourable period, in which a park landscape and 
even light forests could develop, has the charac- 
teı of an interstadial (Tubantian Interstadial I). 
After that, in the Tubantian Pleniglacial B, the 
tundra returned: finds of remains of a „Dryas 
flora” bear witness to this. Again the climate 
improved, so that a park landscape and, tempo- 
rarily, rather dense forests returned, in which 
thermophilous elements and even Carpinus were 
present (Tubantian Interstadial II). A last de- 
terioration of the climate brought back tundra 
plants such as Salix herbacea and Salix reticnlata 
(Tubantian Pleniglacial C). Gradually this third 


stadial will have passed into the Tubantian Late- 
glacial. 

On these observations and considerations the 
following subdivision of the Middle and Young 
Pleistocene in the Netherlands has been based. 


(Holocene) 
Tubantian Late-glacial 

Pleniglacial C 
Interstadial II 
Pleniglacial B 
Interstadial I 
Pleniglacial A 


n Early-glacial 


LJEISE RT 


Eemian 
Drenthian Late-glacial 
Pleniglacial B 
Interstadial 
Pleniglacial A 


» Early-glacial 


Needian 


(Taxandrian) 


ENGLAND 


English quaternary paleobotanists place de- 
posits near Hoxne (Suffolk) and Clacton-on-Sea 
(Essex) in the Great Interglacial. In March 1956 
R. G. West, who speaks of Hoxnian Interglacial, 
gave an elaborate description of the development 
of the vegetation near Hoxne in this interglacial. 

After the disappearance of the glacier that 
brought the Lowestoft Till, a „Late-glacial stage” 
began, introduced by a vegetation whose domi- 
nant plant was Hippophae. At the end of this 
phase Hippophaö gave way to Betula, but prob- 
ably not to Betula nana. Pinus will have been 
absent or very scarce. Next came an „Early-tem- 
perate stage”, first with birch forests, then with 
mixed-oak forests in which birch and pine were 
still plentiful at the beginning, fell into the back- 
ground later on and finally pushed forward 
again. In the following „Late-temperate stage” 
the mixed-oak forest further crumbled down, 
Pinus, Picea and Alnus spread and Abies and 
Carpinus immigrated. The last phase, the „Early- 
glacial stage”, was characterized by the presence 
of a park tundra with small-leafed willows and 
Betula nana. 

Macrosporangia and massulae of Azolla fili- 
culoides were found in deposits from all stages, 
except the Late-glacial stage. 

West holds that the Hoxnian Interglacial may 
be correlated with the Great Interglacial by 
virtue of the similarity of certain parts of Hoxne’s 
diagrams to diagrams obtained from sediments 
deposited on the European continent during the 
Great Interglacial. This he also believes on the 
strength of differences from the vegetation his- 
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tory in the Last Interglacial and in the First In- 


 terglacial (represented by the Cromer Forest 


De 


Bed) in England. 


. Should West’s opinion be right — and much 
is to be said for his argumentation — the „Late- 
glacial stage” might be correlated with the cold 
which presumably reigned in the Netherlands 
towards the end of the Taxandrian or at the be- 
ginning of the Needian, the „Early-temperate 
stage” and the „Late-temperate stage” with war- 
mer parts of the Needian, and the „Early-glacial 
stage” with the Drenthian Early-glacial. 


K. Pike and H. Godwin (1953) described the 
botanical contents of a complex of layers in a 
silted bed near Clacton-on-Sea. The pollen dia- 
gram they published, first shows a dominance 
of Alnus and Pinus with a fair amount of 
Quercus, after that of Alnus, Abies (up to + 
70%) and Pinus. The said investigators sup- 
pose that their diagram reflects the history of 
the forests during about one third of a com- 
plete interglacial. With some restrictions they 
think they may correlate this interglacial with 
the Penultimate (Mindel-Riss) Interglacial. 

In West's opinion (1956) the deposits near 
Clacton-on-Sea and Hoxne probably belong to 
the same interglacial. In this case the analysed 
deposits near Clacton could be correlated with 
the Hoxne „Late-temperate stage”. 

The diagram of the clay near Neede itself shows 
a stretch between + 435 and + 350 cm in 
which firstly Pinus and Alnus dominate, later on 
Abies (with more than 40 %), Alnus and Pinus. 
This might be a parallel with the Clacton Chan- 
nel diagram. 

S. L. Duigan (1956) published a paper on the 
results of a pollen-analytical investigation of a 
peaty clay layer near Nechells (Birmingham), 
considered to be interglacial on geological 
grounds (Shotton, 1953). 

From a comparison of the diagrams obtained 
with those of other interglacial deposits in Eng- 
land and on the European continent, Duigan 
inferred that the Nechells deposits date from 
the same interglacial as those at Hoxne, in this 
sense that in Birmingham only substages b, c 
and d of stage II („Early-temperate”) and stage 
ID („Late-temperate”) could be traced. Azolla 
fılicnloides was also found in samples from 
Birmingham. 

In West’s table (1955) the Gipping glaciation 
separates the „Hoxnian Interglacial” from the 
„Ipswichian Interglacial”. From the latter the 
interglacial layers of Histon Road (Cambridge) 
and Ipswich (Suffolk) are supposed to date. 
Although according to West, the Histon Road 
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diagram, published by D. Walker (1953), only 
teflects a small part of the history of the forests 
during an interglacial, he sees much resemblance 
with Eemian diagrams from the continent, espe- 
cially due to the dominance of Carpinus in the 
lower part. Therefore he ventutes to look upon the 
layers concerned as a deposit from the last inter- 
glacial. Walker had already concluded to the 
same; he defined the time of their formation as 
„the period after the Eemian transgression”. 

On the deposit near Bobbitt’s Hole, Belstead, 
in the neighbourhood of Ipswich (Suffolk), 
which is considered to be Eemian, there is only 
an „interim report” by H. E. P. Spencer (1953). 
It does not contain sufficient data for paleobo- 
tanic correlation. West (1955) states that an un- 
published pollen diagram from this deposit shows 
the development of the flora characteristic for the 
beginning of the Eemian. 

Our knowledge of the English flora from the 
last glacial before the Late-glacial is based ex- 
clusively on finds of macroscopic remains (God- 
win, 1956). He calls „Full-glacial” a vague term, 
introduced to convey the sense of the German 
„Hochglazial” rather than to denote a precise 
geological stage. 

Godwin continues: „The admitted vagueness 
of the term is inevitable since as yet we cannot 
define the beginning of the Late-glacial period, 
and since we recognize that the last glaciation 
(Würm or Weichsel glaciation) was itself of 
long duration and included substantial alterna- 
tions of advance and retreat of the ice sheets”. 

In his opinion two important deposits belong 
to the Full-glacial period, the so-called „Arctic 
bed” of many localities in the Lea Valley (Essex) 
and the „Arctic bed” of Barnwell Station (Cam- 
bridge). Godwin gives lists of plants which in- 
clude finds in layers both from the Full-glacial 
and the Late-glacial, so that they do not present 
a clear picture of the flora in the Full-glacial. 
As general characteristics of this vegetation 
Godwin mentions a very strong preponderance 
of northern and arctic-alpine geographical ele- 
ments in a Gramineae and Cyperaceae tundra 
with arctic willows and birches and without any 
trees, except for Juniperus. 


GERMANY 

The latest German publication which deals 
with pollen diagrams from the penultimate inter- 
glacial is that by G. von der Brelie and U. Rein 
(1956). 

They refer to deposits in the neighbourhood of 
Krefeld which they and other authors described 
before. Diagrams obtained from these deposits 
show a striking similarity with those of the 
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Needian in the Netherlands, owing to the same 
monotonous dominance of Pinus or Almus and 
the rather high percentages of Picea and Abies. 
It seems even more likely that the „Holstein- 
Interglazial”, to which the „Krefelder Schichten” 
are thought to belong, and the Needian are syn- 
chronous because of the presence of Azolla fili- 
culoides in both formations. 

Following Woldstedt (1954), they call the 
first part of the last glacial but one „Drenthe”. 
Woldstedt brings both the „Rehburger Vorstoss” 
and the „Amersfoorter Vorstoss” under the 
heading „Drenthe”. 

On the results of pollen-analytical investiga- 
tions in Northwest Germany, Von der Brelie and 
Rein base their assumption of a short intergla- 
cial („Ohe-Interglazial”) between „Drenthe” and 
„Warthe”. The former already made mention of 
this interglacial in 1955. It is probably identical 
with Woldstedt's „Haupt-Interstadial”? of the 
„‚aale-Vereisung”. 

A parallelization .of this German subdivision 
with the one of the Dutch Drenthian confronts 
us with several difficulties. 

There is a great number of German diagrams 
of deposits which are thought to belong to the 
last interglacial („Eem-Interglazial”, „Eem- 
Warmzeit”). They are very much like each other 
and there is also a striking resemblance with 
Dutch Eemian diagrams. 

The arctic and subarctic groups . of plants 
remains of which were sometimes found at the 
base of German complexes of layers from the 
„Eem-Warmzeit”, are probably synchronous with 
the flora from the Drenthian Late-glacial. 

At the top of the diagram „Interglazial von 
Lüneburg” R. Hallik (1952) distinguished spectra 
which in his opinion showed the approach of a 
cold period, the „Weichsel-Glazial”. He called 
it a „Weichsel-Frühglazial”? which might be 
synchronous with the Tubantian Early-glacial. 

In Germany, too, different opinions are held 
on the subdivision of the last glacial. Only re- 
cently Woldstedt (1956) gave his view on this 
matter. He distinguished a „Frühwürm”, a „Mit- 
telwürm” and a „Spätwürm”. In the „Frühwurm” 
there would have been 4 stadials — of which 
only the last and most striking one got a name: 
„Stettiner Stadium” — and 3 interstadials. The 
„Mittelwürm” would have started with an inter- 
stadial (I/II), followed by the „Brandenburger 
Stadium”, a weak interstadial, the „Frankfurter 
Stadium”, a sttonger interstadial (I/II) and the 
„Pommersche Stadium”. 

We feel justified to parallelize Woldstedt’s 
„Frühwürm” up to the „Stettiner Stadium” with 


the Tubantian Early-glacial, the „Stettiner Sta- 
dium” with the Tubantian Pleniglacial A, his 
interstadial I/II with the Tubantian interstadial 
I, the „Brandenburger Stadium” with the Tuban- 
tian Pleniglacial B, the interstadial II/III with 
the Tubantian- interstadial II and the „Pommer- 
sche Stadium” with the Tubantian Pleniglacial C. 

On account of results of palynological inves- 
tigations in Northwest Germany, W. Selle con- 
cluded to three stadials interchanging with two 
interstadials during the last glacial before the 
Late-glacial. In diagrams, he published of depo- 
sits from these interstadials, Betula and Pinus 
dominate in the sense that first the birch pre- 
vails and then the pine (Selle, 1952, 1953). 
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DISCUSSION 


Mr. Wiggers and Mr. Zonneveld hold that the 
base for the interstadial in the 
unreliable one. Steenhuis’s levels of vegetation appear 
to have either a Needian or an Eemian age. 


Mr. Florschütz answers: It may be that the layers 


Drenthian is an | 


which Steenhuis took for deposits from a Riss inter- 
stadial should be looked upon as formations from 
the Needian or Eemian in many cases, but for the 
sediments near the Oude IJssel and the Regge, which 
were examined paleobotanically, Steenhuis’s concep- 
tion was not proved to be wrong. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


THE STRATIGRAPHY OF THE LATE-GLACIAL 
TH. VAN DER HAMMEN! 


1. INTRODUCTION 

The correlation and dating of Late-glacial sed- 
iments has become possible with a relatively 
high degree of accuracy, mainly with the did of 
two methods of investigation: pollen analysis and 
radiocarbon dating. Pollen analysis can now 
establish correlations with certainty within large 
portions of several continents, furthermore the 
C!4 method provides absolute dates together 
with the possibility of direct intercontinental 
correlations. 

Although the Late-glacial is doubtless the 
best known part of the Pleistocene, many prob- 
lems remain to be solved as an exact corre- 
lation has only been carried out in the temperate 
zones of Europe and part of North America. 

As to the Late-glacial periglacial deposits 
these have best been dated and correlated in the 
Netherlands, so that this country constitutes an 
ideal starting point for a comparison with the 
surrounding countries, and though future dating 
may offer some problems these will not be of a 
fundamental nature but will refer to details only. 
On the other hand a correlation with glacial 
deposits is far from being known yet and faces 
us with many problems which are hard to solve. 

Another fundamental problem with regard to 
Pleistocene stratigraphy concerns the boundary 
between Pleni-glacial and Late-glacial. First it is 
necessary therefore to determine the boundaries 
of the Late-glacial before starting with strati- 
graphic correlations. 


2. THE BOUNDARIES OF THE LATE-GLACIAL 

The upper boundary of the Late-glacial is de- 
termined by the definite climatic improvement 
of the Holocene following the colder Younger 
Dryas. By means of pollen analysis this time 
may be accurately defined paleontologically, the 
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year being about 8300 B.C. (according to C1! 
data by Iversen and Godwin). Hence this boun- 
dary is well defined paleontologically. The ab- 
solute age is also known with comparative ac- 
curacy and is universally accepted. 

The matter lies differently with regard to the 
lower boundary of the Late-glacial. In agreement 
with Van der Vlerk and Florschütz (1950) we 
hold that the division of the Pleistocene should 
be established on a paleontological basis in the 
first place and we are accordingly of the opinion 
that also this lower boundary of the Late-glacial 
should be determined paleontologically. 

If it accepted that the lower boundary lies at 
the beginning of the regression of the continen- 
tal ice from the Pommerian terminal moraines 
or at the first rising of the temperature curve 
after the last low minimum of the last glacial it 
will be necessary to see whether in practice this 
moment can be defined paleontologically. 

According to C1# dating the earliest rising of 
the temperature curve in deep sea cores (Emi- 
liani, 1955) is about 13.350 B.C. (average of 
three datings: we did not take the ionium datings 
into account as we can only make comparisons 
with C1# datings). 

The beginning of the Bolling interstadial 
sensu stricto (the first immigration of large 
birches into N.W. Europe) has a maximum age 
of 10.750 B.C. (Firbas c.s., 1955). For the first 
climatological improvement which can be defined 
by pollen analysis, the rising of the Artemisia 
curve (Van der Hammen, 1951), an age of 
about 11.300 (-11.400) B.C. may be assumed. 
There would thus be an interval of about 2000 
years between the first rising of the temperature 
curve and the first rising of the Artimisia curve. 
But if we consider each C14 dating separately 
Emiliani gives the following values: 11.250 
B.C,, 15.500 B.C. and 13.300 B.C. The first of 
these values fits in amazingly well with the 


approximate date for the rise of the Artemisia 
curve. 

Emiliani himself, however, considers 14,500 
B.C. to be the most likely date for the first ri- 
sing of the temperature curve, since he also takes 
ionium datings into account. Should this be right 
than the date cannot be parallelized with the 
beginning of the Late-glacial and probably neither 
with the earliest regression of the continental ice 
of the Pommerian terminal moraines, but it 
would rather fit in with the earliest regression 
from the Frankfurt terminal moraines (cf. $ 5). 

The formation of the Older cover sands in 
the Netherlands began, according to C!# data 
published by Wiggers, at about 27.000 B.C., the 
end practically coincides with the first rise of 
the Artemisia curve at about 11.300 (-11.400) 
B.C. Accordingly the first rise of the temperature 
curve has to be either somewhere in the Older 
cover sands, or it coincides with the upper boun- 
dary of these. So if the case first mentioned 
should prove to be true it would be impossible 
to define this rise either by pollen analysis or 
purely stratigraphically. 

As regards the earliest regression of the con- 
tinental ice of the Pommerian terminal moraines, 
this date has not been ascertained yet, but on 
comparison with C!# data of the North American 
Cary moraines an age of 11.300 B.C. seems very 
likely (cf. $ 5). 

From the above it will be clear that, if this is 
true, the first rising of the Artemisia curve should 
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dary will probably be of the same age as the 
earliest regression of the continental ice of the 
Pommerian terminal moraines. But it remains 
still quite uncertain whether this boundary is of 
the same as the first rising of Emiliani’s tempe- 
rature curve. 


3. THE SUBDIVISION OF THE LATE-GLACIAL 


It is superfluous to discuss the details of the 
subdivision of the Late-glacial, though one item 
would seem to be of importance: the definition 
of the beginning of the Bolling interstadial. Since 
the pollenanalytical registration of this boundary, 
as usually drawn, is related to the first immigra- 
tion of large birches, the immigration time may 
mislead us when we correlate over large distances 
(Van der Hammen, 1951, 1952). Although here, 
too, minor local differences might occur, the 
rising of the Artemisia curve (a plant which 
was already present in the Pleni-glacial) seems 
to be a much safer point than the first immi- 
gration of the large birches. Therefore we sug- 
gested to place the beginning of the Bolling 
interstadial at the first rising of this curve, so 
that the Late-glacial logically begins with an in- 
terstadial, the Bolling interstadial. 

The definition of the other boundaries to the 
subdivisions of the Late-glacial does not offer 
such problems. In this way the following sub- 
division of the Late-glacial into four parts is 
obtained: 


HOLOCENE 
8.300 (- 8.200) B.C. 
ey, D 
ah | 8.900 B.C. 
LATE- Allerod interstadial 9.300 (- 9.900) B.C. 
GLACIAL IRNSES —— 10.400 B.C. 
Bolling interstadial 
(sensu_lato) 11.300 (- 11.400) B.C. 
FLENIGLACIAL 


occur simultaneously with the first regression of 
the continental ice of the Pommerian terminal 
moraines. However, should this not be the case, 
that is to say should this time appear to be older 
after all, than it will not be possible to define it 
either by pollen analysis or stratigraphically. 
Thus the only solution will be to have the 
Late-glacial start (at least in N.W. Europe) with 
the rising of the Artemisia curve at about 11.550 
B.C., which time may be well defined both pol- 
lenanalytically and stratigraphically. More- 
over this pollenanalytical-stratigraphical boun- 


According to these datings the interstadial phases 
last about 900 (-1000) years each, the stadial 
phases about 600 years each. 


4. THE CORRELATION OF PERIGLACIAL 
DEPOSITS FROM THE LATE-GLACIAL IN 
THE NETHERLANDS AND ADJACENT 
REGIONS 

In the Netherlands the boundary Older cover 
sands/Younger cover sands could be taken as 
the stratigraphical boundary Pleni-glacial/Late- 
glacial (Van der Hammen, 1951, 1952). Pol- 
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lenanalytically this boundary coincides with the 
rise of the Artemisia curve. Although this strat- 
igraphical boundary may not be so sharp in 
some places it is rather striking in general: the 
Older cover sands with loamy layers and the 
Younger cover sands with a coarser component. 
Though the Younger cover sands may have the 
true character of cover sands they show quite 
often accumulation forms, especially in the shape 
of long ridges. No doubt these formations are 
cennected with local variations in the vegetation 
at that time. 

A second striking stratigraphical boundary is 
in the middle of the Younger cover sands, the 
so-called Usselo layer, a somewhat bleached layer 
with small bits of charcoal. This layer represents 
the surface (vegetation) level during the whole of 
the Allered interstadial, when hardly any sedi- 
mentation of Younger cover sands took place. 
Near Usselo the proper charcoal could be traced 
as a layer in the Allered peat. Pollen analysis 
gave for is date: end Allered interstadial (Van 
der Hammen, 1951). By means of Ci? charcoal 
from this layer was dated in the US. as 8,930 
BC. (+ 160). Two charcoal samples from the 
Usselo layer near Uchelen (cf. description in 
Van der Hammen & Maarleveld, 1952), collected 
by Maarleveld, were dated by Prof. De Vries as 
88320 BC. (+ 120) and 8900 BC. (+ 130) 
(written report by G. C. Maarleveld). These data 
from relatively remote places agree so well that 
one has to assume, although the Usselo level as 
such represents the whole of the Allered inter- 
stadial, the charcoal to have been formed exchu- 
sively or mainly at the end of this interstadial. 
Forest fires must have been the cause; no doubt 
this danger was much increased when many fir- 
trees died when the cold set in at the end of 
the Allered interstadial. The Usselo level was 
found in the Netherlands in many places where 
Young cover sands occur at the surface. Together 
with the Allered peats and layers of marshy 
vegetztion they constitute an excellent strati- 
graphical guide level This guide level divides the 
Younger cover sands in a lower part of Older 
Dryas age (zone B of the table in $ 3), and an 
upper part of Younger Dryas age (zone D). It 
has to be remarked that the lower part of these 
cover sands may be missing, the Allered level 
Iying righr on the Older cover sands. If the 
cover sands do not came to the surface the upper 
boundary may be formed by a praeboreal and 
younger layer of peat, by holocene drift sands, 
eic. 


At Velzen (tunnel pit) the Usselo layer was 
also found; here on the cover sands with Usselo 


layer is the „peat at greater depth”. From this 
it seems likely that the Usselo layer will be 
present in the upper part of the so-called „low 
terrace” under a large part of the West Nether- 
lands. 


A not unirhportant facies of the Younger 
Dryas, along regions that are rich in reliefs (e.g. 
the eastern fringe of the Veluwe) are the solifluc- 
tion deposits, which may replace the Younger 
cover sands wholly or partly (their upper part 
at least) (Van der Hammen & Maarleveld, 1952). 

The Late-glacial, and with it the periglacial 
sedimentation, ends with the Praeboreal. 

As regards purely fluviatile deposits from the 
Late-glacial the investigations by Pons & Schel- 
ling (1951) are well known. Braided river systems 
were found by them in the delta region of Meuse 
and Rhine. They generally occur, too, in the 
Dinkel-Vecht valley. Probably their formation 
took place at the beginning of the Late-glacial 
or during the transition Pleni-glacial/Late-gla- 
cial. River loam was deposited, probably mainly 
in the Younger Dryas, in the said systems of the 
Meuse and Rhine delta. 

As regards cryoturbate deformations, frost fis- 
sures etc. we also wish to draw attention to the 
fact that these are not only characteristic for 
the Pleni-glacial, but that, just like the solifluc- 
ton deposits they were also formed in the Late- 
glacial (especially in the relatively moister Youn- 
ger Dryas) (Van der Hammen & Maarleveld, 
1952). 

l£ we want to know in how far a correlation 
may be made of Dutch Late-glacial deposits with 
those of adjacent countries we seem to be able 
to achieve this already fairly accurately. 

No doubt the „eben geschichtete Talsande” 
and the Late-glacial „Dünenfelder” in N.W. Ger- 
many may be parallelized with our Older and 
Younger cover sands. In the same way in Bel- 
gium the „coversands” and the so-called „boreal” 
dune sands. Marechal (1956) reports the occur- 
rence of the „Usselo layer” in Hogeland and in 
Flanders. Together with A. Dücker, Maarleveld 
(written report) found the „Usselo layer” in se- 
veral places beyond the frontier as far as Ham- 
burg. So the region in which the Usselo layer 
occurs as a quide horizon extends at least from 
the French-Belgian frontier as far as the Elbe, 
but may be considerably larger. 

Late-glacial solifluction deposits are also known 
from Belgium (Marechal, 1956), though there- 
they are considered to be connected with the 
Atlantic phase of the Allered interstadial. This 
seems very unlikely though because of datings 
(pollen and Ci#) near Uchelen, and for clima- 
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tological reasons (dense forests in the Allerad), 
so a Younger Dryas age will also have to be 
assumed for Belgium. 

In the Belgian loess region the stratigraphical 
succession is sligthly different. Here the Younger 
cover sands are sometimes developed as ridges 
lying on the Pleni-glacial loess (which is equiva- 
lent in time to the Older cover sands). In the 
German loess region some loess seems to have 
been formed in the Late-glacial (Poser, 1951), 
but probably only by way of an exception. 

From England and Denmark (West Jutland) 
so few data are available that for the moment a 
parallelization will have to be given up (except 
of course of the Late-glacial lake and peat de- 
posits). 

Although not being periglacial deposits the 
Late-glacial ash deposits from the Eifel should 
also be mentioned, which were formed at the 
beginning, in the middle and at the end of the 
Younger Dryas (Frechen & Straka, 1950), since 
in future remains may be found in this country 
and in Belgium. 

Summarizing we may state that the Dutch 
Late-glacial stratigraphy may be continued in 
adjacent Germany and Belgium, the stratigraph- 
ical table also holding good there. 


5, CORRELATION OF LATE-GLACIAL 
STRATIGRAPHY WITH TERMINAL 
MORAINES 


From what has been said in $ 2 about the 
beginning of the Late-glacial it seems possible 
now that the earliest regression of the ice of the 
Pommerian terminal moraines coincides with 
the pollenanalytically defined beginning of our 
Late-glacial (rise of the Artemisia cutve, which is 
also the beginning of the Bolling interstadial 
=.19, 


Younger cover sands II 
and/or solifluction 
deposits. 


Standstill formation 
of cover sands. 
Usselo-layer (or peat). 


of cover sands 


volcanic eruptions and 
ash deposits in the 
Eifel. 


[3 


charcoal from 
Usselo layer. 


Younger cover sands I 


Standstill formation 
of cover sands. 
(sometimes sandy peat). 


Older cover sands 


On comparing this with C1* data from the 
North American Cary stadial in the Mississippi 
valley (Hornberg, 1955), which is probably equiv- 
alent to the Pommerian stadial, we find that of 
thirteen data three fall right before or at the 
lower boundary of our Late-glacial, three at the 
beginning of the Balling interstadial s.l., and 
seven in the Older Dryas (zone B of the table 
in $ 3). As samples were taken in the Cary- 
„drift” at several places between the extreme 
Cary- and „Mankato”-terminal moraines this 
spread in time is plausible. Apparently there is 
another stage between the extreme Cary-moraine 
which must have been formed right before the 
beginning of our Late-glacial and the extreme 
„Mankato”-moraine, which according to C!4 
data in the Mississipi Valley corresponds to our 
Younger Dryas. (The type locality of the Man- 
kato seems to be older: Flint, 1956, therefore 
suggests the name „Valders-drift”.) Although 
apparently this stadial was not recognized as 
such over there the grouping of dates suggests the 
presence of such a stadial, which corresponds in 
time with the Older Dryas (zone B). This is in 
accordance with the fact that for the Great Lakes 
district Flint (1956) gives about 10.400 B.C. as 
the date of the Port Huron-moraine, and 11.900 
or more as the date of a group of moraines which 
seem to correspond to the extreme Cary stadial. 

Unfortunately we do not have such data of the 
Pommerian stadial, so we have to conclude that 
for the moment it is easier to make a correlation 
of European Late-glacial stratigraphy with North 
American moraines than with those in Europe. 

In spite of this a correlation of the extreme 
Cary terminal moraines with the extreme Pom- 
merian terminal moraines seems very likely. But 
it is still quite uncertain which moraines between 
the Pommerian and the Salpausselka-Central Swe- 
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dish terminal moraines correspond to the Older 
Dryas. For this, according to Iversen (written 
report), a line might be considered through 
Schonen and S.E. Denmark (an ice lobe in the 
Sound and the Great Belt with an ice-free pocket 
in Schonen), but there are not any absolute proofs 
yet. 


Summarizing we may venture to make the 
following likely correlation, thus partly correcting 
our previous opinion (Van der Hammen, 1952). 
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DISCUSSION 


In the absence of Mr. Van der Hammen this article 
was read and defended by Mr. Zagwijn. 

Mr. Pons: According to our investigations in the 
Meuse and Rhine districts the Late-glacial riverloam 


(placed in the Younger Dryas by Van der Ham- 
men) was deposited during the Allerod. This was 
determined palynologically and stratigraphically as 
well as by C14 data. 
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MAMMALS AND 


CORRELATION OF THE "BLACK BONES” OF THE SCHELDE 
ESTUARY WITH THOSE OF THE RED CRAG 


D. A. HOOIJER ! 


The „black bones” from the Schelde estuary 
represent the earliest Pleistocene mammalian 
fauna of the Netherlands, and have to be corre- 
lated with those of the Red Crag of England. 
Opinions vary as regards the portion of the Red 
Crag with which the black bones are correlative: 
Butleyan (Schreuder, 1949; Van der Vlerk, 1950), 
Newbournian and Waltonian (Van der Vlerk 
and Florschütz, 1953), Nodule Bed (Burck, 1953), 
or the Red Crag as a whole (Van der Vlerk, 
1955)? These correlations are based on foram- 
inifera, bryozoans, and mollusks. In 1948 the 
International Geological Congress recommended 
that the Plio-Pleistocene boundary should be 
drawn at the base of the Butleyan (King and 
Oakley, 1949), but later, mainly due to the work 


East Anglia 

Butley Crag 
Newbourne Crag } Red Crag 
Walton Crag 


Nodule Bed (non marine) 


Lower Eocene elements such as Coryphodon 
and Hyracotherium most probably have been 
derived from the London Clay. Pliocene elements 
such as Hipparion are rolled, which points to 
their secondary position in the Crag (Hopwood, 
1936). The most characteristic elements are an 
Archidiskodon indistinguishable from A.plani- 
frons (Deperet and Mayet, 1923; Pontier, 1924; 
Osborn, 1942), and an Eguus identified as E.ro- 
bustus by Hopwood (1936)2, These two species 
also occur in the black bones fauna (Schreuder, 
1944, 1945, 1949; Hooijer, 1953)3. Choneziphius 
planirostris, first recorded from the Schelde by 
Weber (1917), does occur in the Red Crag 
(Newton, 1891) but likewise is found in the 
Miocene of Belgium and in the Pliocene of Italy. 


erosion 
Coralline Crag 


of Lagaay (1952) on bryozoans, it was decided 
that the correct place for the Plio-Pleistocene 
boundary is at the base of the Red Crag (Wal- 
tonian) (King, 1955). However, most of the 
mammalian fossils of the Red Crag originate 
from the Nodule Bed (Newton, 1891), a con- 
glomeratic non marine deposit that underlies 
the Walton Crag. For more than a century 
phosphatic nodules have been dug from these 
beds (there is a similar bone bed unter the Cor- 
alline Crag, but this has never been extensively 
worked). The bones and teeth found by the 
workmen were sold to collectors. Other Red Crag 
fossils have been collected on the beach or 
dredged from the sea. Hence, the exact localities 
of Red Crag fossils most often are unknown. 


1 Rijksmuseum van Natuurlijke Historie, Leiden. 


Netherlands 

Amstelian 

Poederlian 

„black bones” Pleistocene- 
Fliocene 
boundary 


Scaldisian 


The species is not included in the list of the 
black bones fauna as given by Schreuder (1949). 

It should be emphasized that the term „black 
bones” is somewhat misleading, for Obobenus 
buxleyi skulls are brown. The molars both of 
Anancus arvernensis and of Archidiskodon pla- 
nifrons may have brown cement and dentine, 
while the enamel is bluish grey in places covered 
by the cement, and on fractured surfaces. More- 


2 Von Koenigswald (1951) incorrectly assumes 
that Eguus does not occur in the Red Crag. 


3 Equns stenonis is listed as belonging to the 
black bones fauna by Van der Vlerk and Florschütz 
(1950, 1953), but this record is based on a radius 
{ragment that cannot be specifically determined (Van 
der Feen, 1938). Schreuder (1949, 1950) correctly 
leaves out Equus stenonis when dealing with the black 
bones fauna. 
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over, two finds obtained from borings that can 
be dated stratigraphically, viz,, a humerus frag- 


ment of Odobenus from Deventer (Van Deinse, - 


1943-44), and a horn core of a gazelle from 
Grubbenvorst (Hooijer, 1945) are black but of 
Pliocene age (Van der Vlerk and Florschütz, 
1950). The fluorine dating method is of no help 
to us in determining the relative age of the 
dredged specimens: Miocene and Pliocene bones 
have the same fluorine content as those from 
the early Pleistocene (Niggli, Overweel and Van 
der Vlerk, 1953). 

The Nodule Bed of the Red Crag contains 
Trogontherium minus, which according to 
Schreuder (1951) is proof of its late Pliocene 
(Astian) age. In my opinion it is the appearance 
of the new invading elements Archidiskodon and 
Equus that should guide us in correlating the 
Nodule Bed of the Red Crag. On the base of 
these Villafranchian forms the Nodule Bed as 
well as the deposits containing the black bones 
of the Schelde should be assigned to the base 
ot the Pleistocene. 
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THE USE OF VOLES FOR STRATIGRAPHIC CORRELATIONS 
G. KORTENBOUT VAN DER SLUIJS! 


Since the war our knowledge of pleistocene 
stratigraphy, especially in the southern half of 
the Netherlands, has much increased. Valuable 
work was done by members of the Geological 
Survey to disentangle the stratigraphical suc- 
cession in many boreholes in this part of the 
country. Before and during the war the late Miss 
A. Schreuder classified many voles’ teeth from 
these borings (Schreuder, 1943). Later on Van 
der Vlerk (Van der Vlerk and Florschütz, 1950, 
1953) made use of Schreuder’s data for his pa- 
leontological subdivision of the Pleistocene. How- 


of the Geological Survey, who was kind enough 
to assist in dating the voles’ teeth, enumerated 
by the late Miss Schreuder (Schreuder, 1943). 
Unfortunately only part of the finds, mentioned 
by Miss Schreuder, could be dated and only 
these were used in making the table. Besides, 
when using material from borings, one should 
always allow for errors, as material from another 
horizon may be washed into the sample. In the 
following table the specimens, taken from 
Schreuder’s paper (Schreuder 1943) are listed 
(table I): 


PABEEHT: 
Boring: Depth: Species: Age: 
Gorinchem 92.3 m Mim. cf. intermedins Series of Kedichem 
rn 127.3 m Mim. intermedius Tiglian 
55 129.9 m Mim. cf. intermedius Er 
” 165.5 m Mim. pliocaenicus = 
Raamsdonkveer 82—88 m Mim. cf. pliocaenicus Series of Kedichem 
Breda 52—55 m Mim. cf. pliocaenicus Ar ” 
ss 56—58 m Mim. reidi er x 
Eindhoven 152—158 m Mim. cf. pliocaenicus Tiglian 
es „oo, m Mim. pusillus a 
Woerden 1 71—73 m Mim. cf. intermedius ” 
A 1 136—142 m Mim. cf. intermedius a5 
a 1 58.30—62.60 m Dol. milleri? Series of Kedichem 
hr 2. 71072075 Mim. intermedius Tiglian 
Oisterwijk 118.50—120.20 m Mim. pusillus ? Tiglian 
Jutfaas 56.30—57.50 m Arv. cf. bactonensis Upper Series of Kedichem 
or lower Series of Sterksel 
Veghel 80.40— 81.60 m Micr. aff. agrestis Upper Series of Kedichem 
Driehuis 68—70 m Micr. malei Series of Kedichem 
Rhaan 8 8.50—17 m Micr. spec ? Needian 
3 10 2.55—6.35 m Micr. arv.-agr. group ? Needian 
Leeuwarden 13 46.10—65 m Arv. aff. bactonensis Needian 
r 14 55.40—58 m Arv. aff. bactonensis = 
ss WAR. 44.60—49.50 m Micr. spec. > 
ir 1A 31—38 m Micr. aff. nivalis Lower Drenthian 


ever in the light of new discoveries his work 
needs some revision. The present symposion of- 
fers an opportunity to check the data now avail- 
able. 

With the object to get a general picture, a 
cable was made (table II), listing those cases of 
which the stratigraphical age is well established, 
according to our present knowledge. The present 
author is much indebted to Mr. W. H. Zagwijn 


1 Rijksmuseum van Geologie en Mineralogie, Leiden. 


Besides these finds some data were taken from 
Van der Vlerk and Florschütz (1950). In those 
cases, where the dating seems somewhat uncer- 
tein, the sign ? is used. 


After the war some voles’ teeth were collected 
in the Russel-Tiglia claypit at Tegelen. Most of 
these belong to Mimomys pliocaenicus F.M., but 
probably Mimomys newtoni F.M. is also present. 
As these teeth were found in the type-locality, 
they must be dated in the Tiglian. At a future 
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date the present author hopes to give more de- 
tails about these finds. 

Some teeth from borings, found by members 
of the Geological Survey during the last few 
years, were received by the author. Only in one 
case it was possible to determine species and 
age: an upper third molar from the boring Veghel 
proved to belong to Mimomys pliocaenicus F.M. 
Ic was found between depths of 113.70 m. and 
115 m. which points to a tiglian age. 

The english data were taken from Hinton 
(1926) and the german ones from Zeuner (1945) 
and Weiler (1952). Of course the correlation 
between the dutch, english and german Plei- 


stocene is only tentative. Especially the corre- 
lation of the lower Pleistocene is very difficult 
and here changes may be expected in future. But 
mainly changes in the details may be expected, 
the general outlook remaining as it is now. Per- 
haps the preserit symposion will bring us nearer 
to a definite solution of some problems. 

The number of the letters N, E or G in table 
IT is no indication for the relative abundance of 
the finds. It is only dependent on the breadth of 
the columns. Nor is this breadth of the columns 
dependent on the absolute time-scale. 

There are strong indications, that the Taxan- 
drian comprises three glacials and two inter- 
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glacials. Zagwijn, in his contribution to this 
symposion, gives more details about this sub- 
division. For the Tegelen region the present 
author already discussed the climatic changes of 
the Series of Kedichem in a previous paper (Kor- 
tenbout v. d. Sluijs, 1956). So it is quite pos- 
sible, that species, indicated in the table for the 
whole duration of the Series of Kedichem, only 
lived here during one or both of the glacials or 
during the interglacial. But at present it is not 
possible in most cases to tell to which part of the 
Series of Kedichem our finds belong. 

It will be evident from table II, that by means 
of voles’ teeth, only a threefold division of the 
Pieistocene is possible. Thus voles are not such 
good guide-fossils, as was supposed until now. 
Still they may be useful. If Mimomys is found, 
one may be sure that the deposit in which it 
was found is not younger than Cromerian. If 
Microtus or Arvicola is found, the deposit is not 
older than Series of Kedichem. If Mimomys is 
found together with Microtus or Arvicola, the 
deposit belongs to the Series of Kedichem or the 
Cromerian. 

For England and Germany a fairly good con- 
formity was found. The main trouble is that in 
the english Weybourne Crag Arvicola and Mi- 
crotus are missing, whereas in the Dutch series 
of Kedichem both are present and in the German 
Upper Villafranchian only Microtus is present. 


But these differences will be due mostly to 
a lack of our knowledge. 


So the voles are not more useful for strati- 
graphic purposes than larger mammals, like 
elephants or rhinocerosses, but there is an ad- 
vantage in that they are so small. Due to their 
smallness the chance of finding undamaged teeth 
in borings becomes much greater. 

Still the number of finds, on which table II 
is based, is rather small. Much more material is 
needed to get reliable results. For instance we 
don’t know anything about the voles that inha- 
bited our country during the Eemian and the 
Tubantian. Especially in the case of the Tuban- 
tian, which is well represented in most parts of 
the country and offers many good exposures, 
this is very remarkable. But also in the lower and 
middle part of the Pleistocene the number of 
finds is very small. If, in future, more data are 
available, it may be possible to give a more de- 
tailed subdivision of the Pleistocene, based on 
voles’ teeth. Perhaps, in future, it will be pos- 
sible to contruct voles’ spectra in the way Kretzoi 
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(1956) has done this for Hungary. But to do 
this, we need hundreds, if not thousands, of 
teeth. In the light of present-day material, it 
does not seem probable, that we shall very soon 
be able to achieve this. Still it is important not 
to neglect any opportunity to collect new ma- 
terial. Only when everybody does the utmost in 
his field of study, good results may be obtained 
in dating and correlating pleistocene deposits. 
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ACENT AREAS: A SYMPOSIUM 


FOSSIL ELEPHANTS IN THE NETHERLANDS 
P. J. VAN DER FEEN! 


1. In general four or five species of fossil 
elephants are distinguished in Europe. Their 
supposed phylogenetical connections are repre- 
sented here. 


Elephas primigenius 


Elephas antiquus Elephas trogontherii 


Elephas planifrons & meridionalis 


In order to avoid nomenclatorial difficulties the 
classical names are used here. Should the reader 
be accustomed to another nomenclature he may 
replace E. planifrons & meridionalis by Archi- 
diskodon, E. antiguus by Hesperoloxodon, and 
E. primigenius by Mammuthus or Mammonteus. 
If it is true that the phylogenetical development 
from E. meridionalis to E. primigenius covers the 
whole Pleistocene, a rough distinction between 
these two species could hardly be helpful in mat- 
ters of detailed local stratigraphy or correlation 
of distant horizons. In reality, however, E. meri- 
dionalis and an elephant very near to E. primi- 
genius seem to occur side by side in the East 
Anglian Forest Bed, and, moreover, it is possible 
to make more subtle distinctions than between 
these four or five species only. Some palaeontolo- 
gists used expressions like „E. meridionalis archaic 
form” and „E.primigenius late form”. Others, like 
Hinton (1926), believe that what is mentioned 
here as a species had better be considered as a 
species group. In any case an exact analysis of 
the lowest taxonomic categories should be tried 
in the near future however provisional it may be. 

2. Samples of the meridionalis (Archidis- 
kodon) group have been collected: 

(a) among the „back fossils” dredged from the 
River Scheldt, 


1 Zoölogisch Museum, Amsterdam. 


(b) from the Tiglian at Tegelen (Limburg) 
(only poor remains), 

(c) from a claypit at Oosterhout (Noord-Bra- 
bant). 

A further study of these remains may yield 
some data for a correlation with horizons abroad. 

3. A few huge mandibular molars dredged 
from the River Scheldt are highly characteristic 
with their strongly folded enamel, and correspond 
to a few specimens from the Forest Bed in East 
Anglia. Both the form and the fossilization of the 
Dutch specimens point to a rather early date. 
Rutten (1909a, p. 26) recorded one of these 
molars; the central dilatation of the laminae 
reminded him of E. antiquus. In Rutten’s opin- 
ion, however, this characteristic was not impor- 
tant enough to separate the specimen from E. 
primigenius. Considering the number of laminae 
in the most complete specimens, the outline of 
the masticatory surface, and the abrasion figures, 
I think we should call it a primitive form of 
E. antiquus. The specimens from both sides of 
the North Sea will be published together. 

4. From the Needian loam of the Herikerberg 
near Markelo (Overyssel) Rutten (1909a, p. 19 
and 29) in his usual precise manner described 
three almost complete molars. Two mandibular 
ones (now in Geol. Inst, Utrecht), forming a 
pair, he considered to belong to E. primigenius. 
They have 22 laminae each (,„talons” included) 
and show a remarkable number of incomplete 
figures in the masticatory surface. This is an 
archaic feature frequently occurring in the 
elephant molars collected at Ilford (Essex). In 
the latter population the molars have lesser di- 
mensions than those of the Herikerberg speci- 
mens, but the number of laminae in their last 
molars agrees very well. 

The Ilford elephant, recorded as E. primigenins 


by L. Adams and by Lydekker, was considered 
to be E. trogontherü (type locality Süssenborn, 
Germany) by the author of this species, Pohlig 
(1909). Dr. A. T. Hopwood, to whom I am 
greatly indebted for the permission to study the 
Uford molars in the British Museum (Natural 
History) and to use his notes, has made a thor- 
ough, hitherto unpublished study of this ma- 
terial. The intermediate position of the Ilford 
elephant is well illustrated by the passage in 
which King and Oakley (1936) recorded it: „a 
small advanced form of E. trogontherii, referred 
to in older records as E. primigenius”. The same 
holds good for the mandibular molars from He- 
rikerberg, although they have larger dimensions. 

If we agree with K. D. Adam (1954a, b) that 
E. primigenius is in the same line of development 
as E. trogontherii and that every sharp boundary 
between these two species can only be artificial, 
the change of opinion with regard to the Ilford 
elephant is not surprising. 

The third elephant molar from the Heriker- 
berg is a huge almost complete upper last molar 
(now in Rijksmuseum Geol., Leiden) having 21 
laminae („talons” included). Rutten (1909a) was 
in serious doubt whether he should call it E. 
antiquus. When Pohlig (1909) on seeing the 
published photograph declared it to be E. tro- 
gontherii Rutten (1909b) replied as follows: it 
is in fact a transitional form, some students will 
call it antiguus, others trogontherii or even pri- 
migenius. 

Later authors, ignoring both Rutten’s doubts 
and the presence of the mandibular pair of mo- 
lars from the same locality and horizon, are 
accustomed to cite the upper molar from He- 
rikerberg as E. antiguus. In my opinion, on ac- 
count of the number of laminae, the abrasion fig- 
ures and the whole form and size of the molar, 
it does not belong to E. antiguus, but to the 
group of E. trogontherii and E. primigenins, just 
like the mandibular pair. 

For a correlation with horizons abroad Ilford 
only gives the latest date possible. Similar 
elephant molars with even more laminae already 
occur in the East Anglian Forest Bed, and in 
the upper layers at Mosbach (Germany). For an 
exact correlation the accompanying fauna and 
flora should be taken into account. 

5. Several molars of E. antiquus were col- 
lected at a depth of 10 to 20 meters in the 
ice-pushed, sandy deposits at different localities 
of the Veluwe (Gelderland) and Twente (Over- 
ijssel). In the discussion on this paper the relia- 
bility of these findings was doubted. Kortenbout 
van der Sluys and the present author, having 
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checked some of these discoveries, think there 
is no reason for such a doubt. 

lf E. antiquus is considered to be a species 
group or a species containing several subspecies 
the form from this horizon is exactly the same 
as of one molar from the Middle Gravel of 
Barnfield Pit at Swanscombe (Kent). The skull 
of the Swanscombe man and the accompanying 
artifacts have been found in the same horizon 
belonging to the 100-feet or Boyn Hill or High 
Terrace of the Lower Thames. 

Therefore the species of elephant (and the 
other species of mammals) found in the Needian 
loam are different from those found in the ice- 
pushed, sandy deposits. This difference in mam- 
mal fauna may be due to a lack of simultaneity, 
or to a difference in biotope, however simulta- 
neous. 

6. The next group of elephant remains is 
more numerous than all other ones. Nearly all 
parts of the skeleton are represented in it. The 
mandibulae and maxillae with molars in situ, 
and the other large skull fragments show no 
signs of transport. 

They belong to a wellknown form of E. pri- 
migenius. The last upper molars reach a conside- 
rable height and have up to 28 laminae (,„talons” 
included). The laminae are not so compressed and 
the molars relatively not so broad as in the later 
form. The animals mostly died before the last 
molars were wholly in use (the reverse is true 
in he later form). Otherwise the dentition and 
the whole skeleton give the impression of a spe- 
cies in optimal conditions, just like the accom- 
panying large mammals Coelodonta antiquitatis, 
Bison priscus and Megaceros sp. 

Most of these remains were dredged up in 
the „oerstroomdalen”, particularly during the win- 
ning of sand, others during other dredging or 
fishing operations. Their exact stratigraphical 
origin is rather uncertain. In any case the maxi- 
mum depth from which they are obtained allows 
to date them in the Upper Pleistocene. 

Generally this mammalian fauna is supposed to 
have lived during the Last Glacial. Among fo- 
reign palaeontologists, however, there is a ten- 
dency to date this elephant in the Last Intergla- 
cial. Some contributors to the symposion empha- 
sized a long, rather cold period at the transition 
of the Eemian and the Last Glacial. Perhaps this 
fauna has to be dated here. 

In the Ipswich Museum I saw quite confor- 
mable molars from the buried channel of the 
Rivers Gipping and Orwell near that town. 

In Germany they are not rare, but their origin 
is not better established than in the Netherlands. 
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7. Molars of a late form of E. primigenius 
have been collected from a Late Pleistocene peat- 
layer in Flushing (Zeeland, Netherlands). Ac- 
cording to Zagwijn the flora of this peat has a 
pleniglacial character. 


We are well aware of the fact that the above data 
alone are only of little value for the exact corre- 
lation between horizons in the Netherlands and 
strata abroad. They may be useful, however, in 
combination with other faunistic and floristic 
data. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


THE PLIO-PLEISTOCENE BOUNDARY IN THE NORTH SEA BASIN 
J. H. VAN VOORTHUYSEN! 


The classic method to establish stratigraphical 
boundaries is based on changes in marine faunas. 
Pleistocene stratigraphy on the other hand rests 
on worldwide and broadly synchronous major 
climatic oscillations. These two principles were 
accepted by the Commission on the Plio-Plei- 
stocene boundary during the Geological Congress 
in London, 1948. 

In a geological sense the Pleistocene covers 
only a very short time. Most probably this pe- 
riod was too short for the marine invertebrate 
faunas to show a visible morphological evolution, 
in other words we may hardly expect to find 
Pleistocene guide fossils. 

It is becoming clearer and clearer that exact 
stratigraphical boundaries, based on the evolution 
of the marine invertebrate faunas are hardly 
realizable. In spite of the intensive micro-bio- 
stratigraphical and ecological studies in all parts 
of the world during the last few decades such 
basic issues as the Cretaceous-Tertiary boundary 
(the Maastrichtian-Danian problem) and the Ju- 
rassic-Cretaceous boundary (the Wealden problem 
in Northwestern Europe) are still unsettled. 
Nevertheless we are forced to establish strati- 
graphical boundaries in order to be able to con- 
tinue our geological studies for purely scientific 
and practical reasons. Consequently it is a matter 
of course that most of the stratigraphical boun- 
daries must be accomplished by agreement. 

For our present subject this means that we 
have to dwell upon the correlation of the Am- 
stelian and Icenian in the Netherlands with: syn- 
chronous marine Pleistocene sediments in Eng- 
land, Belgium and Germany. 

Since our last publication (Van Voorthuysen, 
p. 169, 1954) about the agreement concerning 


1 Geologische Dienst, Haarlem. 

I wish to express my sincere thanks to Dr. R. 
Lagaay, Texas, for reading this manuscript and 
giving me valuable advise. 


the Plio-Pleistocene boundary in Northwestern 
Europe nothing has changed between East Ang- 
lia and the Netherlands (see Baden Powell, 1951, 
1955; Boswell, 1953; Chatwin, 1954; King, 
1955). 

The Pleistocene correlation between the Isle 
of Sylt (Germany) and the Netherlands has most 
probably changed somewhat according to a pu- 
blication of Weyl et al. 1955, based on palyno- 
logical data. This means that the conclusions of 
Wirtz and Illies (1951) as to the age of the 
Kaolin Sands at the Morsum Cliff and Red Cliff 
in the Isle of Sylt must be revised. 

In our former stratigraphical table (Van Voort- 
huysen, 1954) we have correlated the Kaolin 
Sands with our Icenian sediments. According to 
the pollen-analyses of two brown-coal seams of 
about 1 m thickness in these sands, the deposit 
has to be dated as Upper Pliocene Reuver Stage. 
Therefore the Kaolin Sands must be older than 
the Limonite Sandstone with Alosdis complanata 
and Nassa reticosa which we, together with 
Wirtz & Illies, consider as the oldest marine 
Pleistocene. A solution of this problem may be 
that the glacial-tilted beds of the profile at 
Morsum Cliff (Wirtz & Illies, 1951, fig. 1, p. 465) 
are part of a complicated ice-pushed region as 
demonstrated, during a younger glaciation, in the 
well-known Lonstrup Cliff (northern region of 
Jutland) and Ristinge Cliff (Langeland) of Den- 
mark. 

If this assumption is true the series a-f is not 
left undisturbed, but there must be an over- 
thrust plane between the Pliocene Kaolin Sands 
(f) and the underlying Pleistocene silts (e) 
and Limonitic Sandstone (d) of the profile at 
Morsum Cliff. 

It is evident that with the sixth conclusion of 
De Heinzelin de Braucourt (1955) „Le Merxemien 
inaugure peut-Etre le Pleistocene” the agreement 
concerning the Plio-Pleistocene boundary in the 
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North Sea Basin has as yet found no response 
among our Belgian colleagues. 

After the micro-biostratigraphical studies of 
Lagaay (1952) and the present author we were 
able to correlate rather accurately the different 
marine Pliocene and Pleistocene littoral sediments 
in the North Sea Basin in accordance with their 
contents of Bryozoa and Foraminifera. 

The confusion which still remains is not so 
much a question of synchronism but the diffi- 
culty to understand the exact stratigraphical 
meaning of the local names used in the countries 
around the North Sea. 

We agree with De Heinzelin de Braucourt 
(1955, II, p. 10, conclusion 2°) that the name 
„Poederlain” had better be dropped and be re- 
placed by sables de Merxem (or Merxemian). 

During our research work some years ago, the 
name „Scaldisian” still raised some uncertainty. 
Ir order to clear the situation Lagaay asked from 
the Belgian Institute of Natural Science in Brus- 
sels a sample of typical Scaldisian; it was labelled 
„Scaldisian-Wilmarsdonck” (near Antwerp). 
From this sample 84% of the Bryozoa assem- 
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blage also occurs in the Coralline Crag (zone A 
Isocardia cor) of East Anglia and quite rightly 
Lagaay did not hesitate to identify the „Scal- 
disian’ of Antwerp with the Coralline Crag of 
East Anglia. Some years later a foraminiferal 
study showed that this sample was not typically 
Scaldisian, but a Bryozoa facies af the zone A 
Isocardia cor. The erroneous labelling has been 
admitted later by the officials of the Belgian 
Institute. 

The Bryozoa-Mollusca-Foraminifera-breccia in 
the subsurface of the southwestern Netherlands 
has, hitherto, also been considered as „Scaldisian”. 


ENGLAND BELGIUM NETHERLANDS 


Scaldısıan 


: Deurnıan 
Upper Miocene Lenham Beds Sables & Terebratula perforata 
(Glibert & de Heinzelin 1955) 


In the former legend of the geological map of 
the Netherlands this breccia was still called „Poe- 
derlian-Scaldisian”, but in fact it is syncronous 
with the Coralline Crag (zone A Isocardia cor, 
Gedgravian) of East Anglia. This zone, however, 
represents the*upper part of the Belgian „Die- 
stian” and is therefore synchronous with the Co- 
ralline Crag and of Pliocene age. 

We could quote many authors who made the 
same erroneous correlation, but we deem it more 
important to make a suggestion in order to avoid 
all misunderstanding in the future. 

We are inclined to side with Van Straelen 
(1923) and Hasse (1924) and eliminate the 
„Poederlian” (zone A Alosdis complanata — 
Sables de Merxem — Merxemian) as indepen- 
dent zone. The Scaldisian is then used again in 
the classic sense with an upper zone containing 
Aloidis complanata and a lower zone containing 
Neptunea contraria and Scaphella lamberti. This 
classic Scaldisian Dumont, 1850 is thus synchro- 
nous with the Red Crag in East Anglia and the 
Amstelian — Scaldisian of the Netherlands. At 
the base of the Red Crag — Amstelian we have, 
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in accordance with the agreement reached in 
London 1948, laid the boundary between the 
Pliocene and Pleistocene (see the stratigraphical 
table of the marine Pliocene and Pleistocene lit- 
toral sediments in the North Sea Basin). 

We sincerely hope that our Belgian colleagues 
will join the consensus already established be- 
tween the English, German and Dutch geologists 
and will be persuaded to accept the Plio-Plei- 
stocene boundary between the zone A Isocardia 
cor (Coralline Crag) and the zone ä Neptunea 
contraria (Red Crag). 

The proposal made by De Heinzelin de Brau- 


_ court to consider the zone A Neptunea contraria 


together with the zone & Isocardia cor as Scal- 


disian seems to us, not least for practical reasons, 


less obvious. In the latter case the Plio-Pleistocene 
boundary would divide the „Scaldisian” into a 
Pliocene zone A Isocardia cor and a Pleistocene 
zone a Neptunea contraria. 


Although we have to deal in this paper with 
the Plio-Pleistocene boundary we are obliged to 
discuss briefly the stratigraphical position of the 
„Diestian”. According to Glibert & De Heinzelin, 
1955, the former Upper Diestian (zone A Isocar- 
dia cor) should be incorporated in the Scaldisian, 
whereas the former Lower Diestian (Sables A 
Terebratules = Sables de Diest = Sables de 
Deurne) has been named Deurnian and is con- 
sidered now as Upper Miocene. We consider the 
elimination of the name Diestian as correct, as 
pointed out above, but we do not agree with the 
incorporation of the Upper-Diestian (zone A 
Isocardia cor) in the Scaldisian. 

Finally we think it worthwile to say a few 
words about the special difficulties we meet in 
creating stratigraphical type localities in former 
marine coast regions of which we know that the 
alteration of sedimental transport, accumulation 
and erosion, must have been very considerable 
owing to epirogenetic movements of the under- 
ground. 

It is evident now that the North Sea Basin 
during Pliocene and Pleistocene times was such 
an area. Although the cause of tectonic activities 
does not belong in the first place to the sphere 
of interest of the stratigrapher, we are inclined 
to designate the movements of the former North 
Sea coast as an after-effect of the alpine tectonics. 

It is especially the consequences of these tec- 
tonic features (Van Voorthuysen, 1954) which 
make it much more diffcult to establish a boun- 
dary between the Pliocene and Pleistocene sedi- 
ments, due to the lack of a continuous profile 
running from younger Tertiary to younger Plei- 
stocene. 

Owing to tilting the various Pliocene and Plei- 
stocene Crag areas in East Anglia replaced each 
other northward and therefore the Crags are 
never all united in a single profile. 

Owing to vertical oscillations of the Brabant 
Massive the Pliocene and Pleistocene sediments 
in Belgium are generally thin and often separated 
by relatively short erosion periods, although, it 
is true, the different zones are mostly united in 
one vertical profile. 

Moreover the stratigraphical consequences of 
the tectonic activity of the former coast have 
been complicated by the eustatic change of 
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sealevel during late Pliocene and Pleistocene 
times. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


LA LIMITE PLIO-PLEISTOCENE DANS LE BASSIN DE LA MER DU NORD 
M. GLIBERT! ET J-. DE HEINZELIN! 


M. van Voorthuysen a eu l’amabilite de nous 
communiquer avant publication le texte destine 
au Syposium. Il nous parait opportun d’apporter 
au debat quelques Elements nouveaux, ce qui 
permettra de souligner les raisons de quelques 
divergences d’opinion. 

Rappelons d’abord les points sur lesquels tout 
monde s’accorde. 


(1) Les Sables de Deurne (ex-Diestien infe- 
rieur a Terebratula perforata) sont du Miocene 


' superieur. Ils se parallelisent avec le Miocene 


. 


superieur d’Allemagne du Nord et du Danemark, 
bien que celui-ci se pr&sente sous un facies dif- 
ferent, le Glimmerton. Cette conclusion est Etay&e 


 simultanement par les foraminiferes, les bryozo- 


aires et les mollusques. Les vertebres (cetaces, 
pboques) devraient &tre revus mais il semble 
bien qu’ils plaident dans le m&me sens. 


(2) Les Sables de Kallo (a Neptunea con- 
traria) sont le Scaldisien type de Dumont. Ils 
sont remarquables par le developpement de plu- 
sieurs bancs coquilliers apparemment continus 
sur de grandes distances et qui affectent frequem- 
ment une allure en guirlande. Ils se parallelisent 
assez exactement avec l’horizon de Walton du 
Red Crag, ä part quelques divergences. 


(3) Les Sables de Merxem (A Aloidis compla- 
nata) sont voisins de l’horizon de Newbourne. 

Tout recemment, les travaux de la Seme darse, 
au port d’Anvers, nous ont fourni une troisieme 
grande coupe accessible, apres celles du Port Pe- 
trolier et de l’Ecluse Baudouin. Cette coupe com- 
plete les precedentes en exposant sous leur fa- 
cies typique et tres fossilifere les Sables du Kat- 
tendijk, dont les dernieres descriptions publiees 
remontent au 19e siecle. Voici les conclusions qui 
en resultent, 


(4) Les Sables du Kattendijk (ex-Diestien 
superieur & Isocardia cor) possedent une faune 
de mollüsques essentiellement differente de celle 
des Sables de Deurne. La plupart des especes 


1 Inst. Royal des Sciences Naturelles de Belgique, 
Bruxelles, Belgique. 


miocenes ne penetrent pas dans les Sables de 
Deurne ou, si elles continuent, atteignent presque 
tcujours le Quaternaire et sont donc ubiquistes. 
Une quantite considerable d’especes proprement 
pliocenes apparaissent avec les Sables du Katten- 
dijk, par example Yoldia semistriata, Laevicar- 
dium decorticatum, Chlamys harmeri et C. 
opercularis, Liomesus dalei, Scaphella lamberti, 
Cassidaria bicatenata, Scaphander lignarius. 1 y 
a deux formes differentes de terebratules, qui ont 
ete longtemps source de confusions. L’une (T. 
maxima) appartient aux Sables de Deurne et 
l'autre (T,variabilis) aux Sables du Kattendijk; 
cette derniere est accompagn&e d’autres pe- 
tits brachiopodes (Tegulorhynchia nysti). On 
connait tres peu de restes de vertebres en place; 
Burtinopsis, par example est plus evolue que les 
formes miocenes mais ne se range pas encore dans 
les genres modernes. D’une fagon paradoxale 
d’apres un examen rapide des Echantillons fait 
par M. van Voorthuysen, la faune de foramini- 
feres serait d’affinites miocenes. Meme en ce cas, 
il nous parait exclu de ranger cette formation 
dans le Miocene, en reconstituant par exemple 
l’ancien Diestien mais incorpore cette fois au 
Miocene. Ajoutons que le contact des Sables de 
Deurne et du Kattendijk sous leurs facies typi- 
ques n’a jamais &t€ observe, ce qui complique le 
probleme. 


(5) L’Horizon du Luchtbal (a Pecten gerardi), 
falunier, riche en bryozoaires, a souvent te de- 
nomme Scaldisien-base par les anciens auteurs. 
Il n’a pas toujours Ete individualise correctement, 
en partie A cause de son caractere sporadique, en 
partie ä cause de la troublante ressemblance de 
sa faune de mollusques avec celle des Sables du 
Kattendijk, meme en tenant compte des possi- 
bilites de remaniement. C’est ainsi quiau Port 
Petrolier, la base transgressive situ&ee a —9,75 m 
nous parait maintenant devoir &tre rattachee A 
l'Horizon du Luchtbal et non aux Sables du Kat- 
tendijk, malgre la presence de Pecten westen- 
dorpianus, Cardita scaldensis n.., Isocardia cor. 
S’il en est bien ainsi, la distribution des foramini- 
feres relevee par MM. van Voorthuysen et Pan- 
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nekoek au Port Petrolier s’explique on ne peut 
mieux, Elpbidiella artica et Elphidium spec. div. 
sc developpent progressivement pendant le Scal- 
disien. 

Il nous parait utile, en outre, de porter l’atten- 
tion sur quelques faits qui ne sont pas toujours 
suffisamment mis en lumiere ni presents A 
lesprit. 


(6) Les Sables de Kallo, Scaldisien type qui 
se superpose a l’Horizon du Luchtbal, debutent 
classiquement par un Epais „coquillier”; celui-ci 
n'est pas une base d’etage, il ne represente pas 
une preuve d’emersion; nous croyons au contraire 
que les „coquilliers” se sont formes sous le ni- 
veau d’eau et sont d’äge variable selon les lieux 
(contröle par l’apparition de certaines especes). Il 
faut, il est vrai, expliquer la presence de nom- 
breux galets et debris osseux roules dans le pre- 
mier coquillier scaldisien mais la m&me difficulte 
se presente pour les coquilliers suivants qui 
contiennent toujours des quantites plus ou moins 
grandes de cailloux varies. De nombreux bois 
flottes apparaissent dans les coquilliers sup£rieurs; 
ils sont plus rares dans le premier. La modifica- 
tion essentielle de la faune de mollusques est un 
appauvrissement; il faut toutefois citer l’appa- 
rition de Pecten complanatus, Psammobia fe- 
roensis, Angulus benedeni, Buccinum undatum 
en meme temps que celle de Neptunea contraria 
et la transformation definitive de Pygocardia 
rustica en P. defrancei. 


(7) U existe au sommet du Scaldisien type 
un horizon dont le caractere littoral et la faune 
tres variee sont constants. Ce sont les Sables 
d’Austruweel, horizon d’emersion observ& au Port 
Petrolier a la cote — 4,50 m (A Melampus py- 
ramidalis); outre cette espece vivant sur la plage, 
il contient Nucella tetragona, Pomatias harmeri 
et meme Cepaea nemoralis, espece terrestre vivant 
dans les dunes. La faune de mollusques est dans 
l'ensemble assez semblable A celle de Little 
Oakley. Deux caracteres principaux s’en degagent: 
tout d’abord, la reapparition de nombreuses es- 
peces des Sables du Kattendijk et du Luchtbal 
qui avaient disparu durant le Scaldisien typique, 
ensuite Japparition de quelques especes destinees 
a prendre leur essor dans les horizons suivants, 
comme Abra alba, Lentidium complanatum, 
Lacuna suboperta. 


(8) L’Horizon d’emersion d’Austruweel n’est 
pas present partout car il a subi une denudation; 
celle-ci fut vraisemblablement peu importante, 
suffisante toutefois pour former par endroits le 
Gravier du Bassin America, qui contient des 
testes de plantes et de vertebres terrestres. C’est 


ce que nous considerons comme le base du 
Merxemien. 


(9) A ce gravier succedent des sables argileux 
gue nous avons appele Horizon du Kruisschans 
(a Cardium parkinsoni). Outre cette espece, on 
y voit apparaitfe Spisula inaequilatera, Macoma 
praetennis, Mya arenaria, Nucella lapillus in- 
crassata; Haedropleura delheidi; dans l’ensemble, 
la faune de mollusques est encore semblable a 
celle de Oakley. C’est le gisement de la Balaena 
belgica, premier cetace d’allure moderne dans 
cette serie sedimentaire. 


(10) Les Sables de Merxem (a Lentidium 
complanatum) sont assez pauvres em especes 
par rapport aux autres horizons. Ils sont trans- 
gressifs et Evoquent le developpement d’un 
nouveau cycle sedimentaire. Beaucoup d’especes 
pliocenes n’apparaissent plus au-delä du Gravier 
du Bassin America, notamment Astarte omalii, 
A. basteroti, A. obliquata, A. burtinea, Parvicar- 
dium nodosum, Venus casına, V. imbricata, plu- 
sieurs T’hracia, plusieurs Emarginula et Diodora, 
plusieurs Callostoma, Cassidaria  bicatenata, 
Sipho curtus et S. gregarius, Atractodon elegans, 
plusieurs Amyclina et Hinia. 


(11) U n’y a pratiquement pas d’espece de 
mollusque qui soit representee dans un seul 
niveau. On peut citer pour les Sables du Katten- 
dijk Chlamys similis, Oudardia compressa, Arca 
tetragona, Trivia parvula; pour l’Horizon du 
Luchtbal, Nxculana minuta, Modiolus modiolus, 
Babylonella wouveri et B. veneranda, pour l’Ho- 
rizon d’emersion des Sables d’Austruweel, Me- 
lumpus pyramidalis, Gibbula solarium et G. gel- 
riana, Bittium robustum. Seuls les associations 
sont reellement significatives. Plusieurs especes 
qu’on avait crues de bons indicateurs stratigra- 
phiques ne le sont pas du tout. Isocardia cor est 
present depuis les Sables de Deurne jusqu’a I’Ho- 
rizon du Luchtbal, Callista chione va du Miocene 
moyen aux Sables de Merxem. Chlamys tigerina, 
Lucinoma borealis, Chlamys gerardi existent A 
la fois dans les Sables du Kattendijk et du 
Luchtbal. On observe aussi des reapparitions 
d’especes d’un horizon A un autre; sans doute 
faut-il les attribuer aux fluctuations des facteurs 
Ecologiques et climatiques. 

On voit donc que la stratigraphie du Tertiaire 
sup£rieur belge est plus complexe qu’on ne croit, 
et encore n’avons nous pas fait allusion aux de- 
pöts qui couronnent les collines des Flandres ni 
a ceux de la Campine. Nous croyons qu'il faut 
accorder une importance speciale aux superposi- 
tions constatees dans Ja region d’Anvers, oüı les 
travaux du port ont expose ces dernieres anndes 


plusieurs coupes d’une quinzaine de metres. 


Les gisements anglais, lesquels servent_ clas- 
siquement de reference biostratigraphique, ne 
representent problablement pas des horizons aussi 
purs que ceux que nous avons pu degager; la 
cause en est probablement dans le mode de re- 
colte des anciennes collections. Ainsi, par 
exemple, le gisement de Walton correspond en 
majorite a l’assemblage du premier coquillier 
scaldisien, mais des especes plus tardives comme 
Melampus pyramidalis et Cardium parkinsoni en 
sont aussi citees. On est tent€ de paralleliser le 
Gedgravien avec les Sables du Kattendijk et le 
Boytonien avec l’'Horizon du Luchtbal, le Coral- 
line Crag pourrait m&me contenir des niveaux 
plus anciens. 

D’un autre cöte, la plupart des Echantillons 
du sous-sol neerlandais proviennent de sondages 
et dans ces conditions, les limites de terrain et les 
contacts sont difficilement pergus. 


Tels sont les elements dont on dispose pour 
fixer la limite plio-pleistocene. On peut tenir 
pour assure que les Sables du Kattendijk sont du 
vrai Pliocene et que la limite se situe donc au- 
dessus d’eux. On peut envisager quatre solutions. 

Premiere solution: Limite Kattendijk-Luchtbal. 
Elle a pour elle l’apparition de foraminiferes 
froids et de masses de bryozoaires. Elle a contre 
elle la grande similitude des faunes de mollusques 
de part et d’autre et le fait que les debris de ver- 
tebres du Scaldisien paraissent appartenir a des 
especes pliocenes. Si cette limite devait Etre 
adoptee, elle infirmerait la validit€ du Scaldisien 
au sens large selon Cogels 1874; relativement au 
Coralline Crag, elle separerait peut-Etre Gedgrave 
de Boyton. 

Deuxieme solution: Limite premier coquillier 
scaldisien — Sables de Kallo. Comme nous 
lavons deja expose plus haut, nous ne voyons 
aucune raison pour situer ä ce niveau une demar- 
cation de premiere grandeur ni dans l’Evolution 
des faunes, ni dans la notion de cycle sedimen- 
taire. Dans le bassin anglais, elle se situerait au 
debut du Red Crag. 

Troisieme solution: Gravier du Bassin Ame- 
rica. Plusieurs raisons, fournies principalement 
par la paleontologie des vertebres, nous portent 
& lui accorder une importance particuliere. Par- 
mi les restes de vertebres qu’il a fourni figurent 
deux portions de mandibules de Rhinoceros qui 
ont ete’attribuees jusqu’ici A une forme pliocene 
et non villafranchienne; mais on sait que la de- 
terminations des Rhinoceros est tres delicate et les 
specimens dont il s’agit pouvant apporter un 
argument de premiere valeur, ils vont tre soumis 


269 


a une nouvelle identification. Il faut donc, & ce 
propos, attendre de nouvelles informations. Si 
l’espece est, comme on la dit, pliocene, le Villa- 
franchien doit commencer plus haut, au plus töt 
avec de Merxemien. Si l’espece est villafranchien- 
ne il n'est pas encore dit que la limite plio-plei- 
stocene doive &tre &tablie plus bas. On con- 
nait aussi du Merxemien un morse qui, d’apres 
X. Misonne, est different de celui attribue au 
Scaldisien. Rappelons aussi la Balaena belgica du 
Merxemien, alors que les Sables de Kallo n’ont 
jamais, autant qu’on sache, livre que des debris 
d’especes pliocenes. En Angleterre, on voit ap- 
paraitre des vertebr&s villafranchiens et modernes 
a partir du Newer Red Crag, cest-ä-dire A peu 
pres avec le Merxemien d’apres nos correlations. 

Quatrieme solution: Plus haut que les Sables 
de Merxem. La position stratigraphique des os- 
sements noirs du Bas-Escaut, parmi lesquels se 
trouvent des especes villafranchiennes precoces, 
n'est pas connue avec precision. On peut presu- 
mer d’apres la situation geometrique des affleure- 
ments qu’ils appartiennent a un niveau un peu 
plus eleve que le Gravier du Bassin America, a 
moins quiils ne soient tout simplement le pro- 
longement de celui-ci. On pourrait avoir a ce 
niveau un melange de formes du Pliocene ter- 
minal et du Villafranchien. 

De ces quatre solutions possibles, la premiere 
et la troisieme nous paraissent les mieux defen- 
dables; la premiere est une position extreme et 
la troisieme la plus sage, dans l’etat actuel de 
nos connaissances. 

Mentionnons pour terminer deux points sur 
lesquels nous croyons qu'il convient de r&server 
momentanement son opinion. Le premier est la 
position des Sables de Mol, de l’Argile de Reu- 
ver et du Kaolinsande. Le second est le probleme 
des rapports entre Merxemien et Amstelien. 
Les especes typiques de l’Amstelien des Pays-Bas 
n’ont jamais et€ identifiees en Belgique et ap- 
partiennent certainement a des horizons bien su- 
perieurs aux nötres; lassimilation des Sables de 
Merxem A& l’Amstelien nous parait insuffisam- 
ment fondee. 

Afin de permettre d’apprecier facilement les 
traits majeurs de l’evolution des faunes de mol- 
lusques marins pendant le Tertiaire sup£rieur, 
nous presentons sous forme de tableau les comp- 
tages des groupes d’especes. Les chiffres don- 
nes sont des pourcentages du total des es- 
peces identifiees entre le Miocene moyen et le 
Merxemien. 

Parmi pres de 330 especes de gastropodes et 
quelque 210 especes de pelecypodes, le decompte 
s’etablit comme suit. 


Gastropodes du Neogene et du Pleistocene marin d’Anvers 


IE 
a‘ 
a‘ 


BON. UDO II 4O 50,60 w70. 80 ao 


oO I9.1.:20....30! »49 „501560370, BO! :90J08 


Sur 100 °/o de gastropodes: 
54 °/o debutent au Miocene moyen, 
45,5 °/o n’apparaissent plus au-delä 
3 ®/o atteignent Deurne 


0,5 %/o % Kattendijk 

0,5 0/0 r Luchtbal 

323)n F Kallo-Austruweel 
1,5 %o 5 Merxem 


1,5 /o debutent au Miocene sup£rieur, 
0,5/o n’apparaissent plus au-delä 
0,5 %/o atteignent Luchtbal 
0,5 %/o RN Kallo-Austruweel 
24,5 °/o debutent au Kattendijk, 
3,5 %/o n’apparaissent plus au-delä 
8,5 °/o atteignent Luchtbal 
10,5 %o ” Kallo-Austruweel 
22 26 r Merxem 
12,5 %/o debutent au Luchtbal, 
6,5%/o n’apparaissent plus au-delä 
6 °/o atteignent Kallo- Austruweel 


6,5 /o debutent A Kallo-Austruweel, 
6 "/o m’apparaissent plus au-delä 
0,5 %/o atteignent Merxem 
1 °/o debutent au Merxemien 
Sur 1000 de pelecypodes: 
51,5%/o debutent au Miocene moyen, 


23,5 °/o n’apparaissent plus au-delä 
5,5 °/o atteignent Deurne 


2 0% ” Kattendijk 

5,5 0/0 3 Luchtbal 

8,5 %/o n Kallo-Austruweel 
6,5 °%/o “ Merxem 


7°/o debutent au Miocene sup£rieur, 
4 "/o n’apparaissent plus au-delä 
0,5 °/o atteignent Kattendijk 
0,5 %/o er Luchtbal 
1,5 %/o = Kallo-Austruweel 
0,5 %/o > Merxem 


I 


23,5 %/o debutent au Kattendijk, 


3 "6 n’apparaissent plus au-delä 
6 °/o atteignent Luchtbal 
7,5 %o 5 Kallo-Austruweel 
Z 55 Merxem 


13 °/o debutent au Luchtbal, 
6,5 °/o n’apparaissent plus au-delä 
4 /o atteignent Kallo-Austruweel 
2,5 %o Er Merxem 


2°/ debutent A Kallo-Austruweel, 
0,5 %/o n’apparaissent plus au-delä 
1,5 %/o atteignent Merxem 

3/0 debutent au Merxemien. 


Il est necessaire d’introduire quelques correc- 
tifs pour interpreter ces chiffres. En premier lieu, 
la richesse du stock Miocene superieur est cer- 


‚ tainement sous-estimee car on ne possede que 


tres peu de collections des Sables de Deurne et 
provenant d’un nombre reduit d’affleurements 
aujord’hui inaccessibles. En second lieu, ces ap- 


| paritions et disparitions d’especes ne sont pas 


generalisees mais propres au bassin d’Anvers A 


‚la fin du Tertiaire; sans doute sont-elles vraies 


par extension pour une bonne partie du bassin 


‘de la Mer du Nord. Mais des especes disparues 


‚depuis le Luchtbal au le Kattendijk par exemple 


peuvent Etre revenues tout recemment ou bien 
s’etre cantonnees ailleurs, par exemple en Me- 
diterranee ou sur les cötes atlantiques. 

C’est ainsi que des especes de gastropodes 
apparues au Kattendijk et disparues apres le 
Luchtbal, pres du tiers sont encore connues 
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vivantes; des especes miocenes disparues apres 
Kallo-Austruweel, pres de la moitie sont encore 
actuelles; du puissant groupe des gastropodes du 
Miocene moyen, seulement 3 % atteignenet le 
Merxemien mais tous ceux-lA sont encore vivants. 

Les tableaux sont clairs par eux-memes et 
necessitent peu d’autres commentaires. Apres le 
Miocene, il y a deux paliers majeurs dans l’ap- 
parition des especes: Kattendijk et Luchtbal. Le 
Luchtbal et le Scaldisien typique sont-ils encore 
du Pliocene ou peuvent-ils tre consideres com- 
me les Equivalents du Calabrien mediterranden? 
La git la question principale. 

La base du Merxemien ne parait certes pas 
montrer un changement faunique particuliere- 
ment prononce mais il est probable que le ta- 
bleau le fait paraitre plus faible qu’il n’est en 
realite; en effet, Ja faune du Merxemien n’est 
pas particulierement riche ni diversifiee; pour 
les gastropodes, plusieurs especes comptees avec 
'horizon precedent ne s’y manifestent que tout- 
a-fait A la fin (Austruweel). 
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DISCUSSION 


Mr. Van der Heide observes that as long as corre- 
lations are uncertain it is advisable to use local names 


if possible, avoiding general and old names. 


Mr. Glibert answers: In principle we agree with 
this remark. In our article we used the local names 
for Belgium with their original meanings, in accor- 
dance with the interpretation we gave in the third 
volume of the Lexique de Stratigraphie. 

Mr. Pannekock asks: In their article Glibert and 
Heinzelin point out that there is an impoverishment 
of the molluscs fauna from the deposit of Luchtbal 
up to the one of Kallo (an enrichment occuring after- 
wards in the Austruweel layer). This impoverishment 
would more or less coincide with the increase of 
„‚cold’” foraminifera as demonstrated by Van Voort- 
huysen. Would this suggest a. cool phase, older than 


the Merksen deposit? 

From table I in Zagwijn’s article the Reuverian 
may appear to continue almost as far as the transition 
Amstelian — Icenian, It seems hard to fit in a But- 
leyan, Newbournian and Waltonian between the 
Reuverian omthe one hand and the Icenian on the 
other hand. Do they coincide with part of the Reu- 
verian and have any indications been found in the 
Reuverian of a refrigeration agreeing with the Walto- 
nian and with the refrigeration mentioned in the 
Kallo deposit? 

Mr. Glibert answers: We agree with Prof. Panne- 
kock as to the Kallo fauna. This fauna seems to in- 
dicate a refrigeration if compared with the faunas 
of Luchtbal and Austruweel. 

We have no personal opinion on the Reuverian. 
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CORRELATIONS OF MARINE HORIZONS IN THE MIDDLE AND UPPER 
PLEISTOCENE OF THE NETHERLANDS 
S. VAN DER HEIDE! 


SUMMARY 


In the subsoil of the Netherlands two marine 
horizons are known in Middle and Upper Pleisto- 
cene which are indicated by Van der Vlerk and 
Florschütz with the names of Needian and Eemian. 
The present author gives a survey of the new data 
on these horizons and he critically reviews the ar- 
gumentations about the age of the „marine interca- 
lation” in the western part of the country which 
to his opinion is late-Eemian or post-Eemian (in- 
terstadial). 


INTRODUCTION 


In recent litterature (e.g. Pannekoek, 1956) 
marine horizons in the middle and Upper Plei- 
stocene of the Netherlands are classified under 
the names of Needian and Eemian. They are 
considered to correspond with deposits in other 
countries known as the deposits of the Holstein 
Sea and the Eem Sea. Both the marine and the 
terrestrial deposits of the Eemain are very well 
known and defined in the Netherlands. About 
the so-called marine Needian much fewer details 
are available. Moreover differences of interpre- 
tation exist about marine deposits in the western 
part of the country (roughly between Leiden, Rot- 
terdam and the western part of Schouwen-Duive- 
land). These deposits have been described by 
Tech (1939) as „marine intercalatien in the 
high-terrace deposits”. They were included in 
the Needian by Van der Vlerk and Florschütz 
in 1950. Bennema and Pons (1952), however, 
preferred to put them into the Eemian, a point 
of view which was adopted by Van der Vlerk 
and Florschütz in 1953. 


NEEDIAN - HOLSTEIN SEA - STOR SEA 

Marine deposits of this age found in several 
places in Schleswig-Holstein have been exten- 
sively described by Grahle in 1936. He uses, as 
did Penck in 1922, the name of Holstein Sea. 
Recently Gripp (1956) drew attention to the 
fact that the use of the name of Holstein Sea 
for these deposits is incorrect, because this name 
has been used for over a hundred years for Lo- 
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wer Miocene deposits (compare the textbooks 
of Credner, Lapparent, Haug, Kayser). He pro- 
poses the name of Stör Sea. 


The fauna of these deposits is generally very 
poor: from about one half of the 100 localities 
nc determinable shells were available, in one 
fifth of the other localities it consisted only of 
one or two species. In total less than 60 marine 
species have been found (in the German-Danish 
Eemian about 100 species are known, in the 
Dutch Eemian about 130, in the recent North 
Sea about 170). Most numerous are those species 
which are not sensitive to climatic conditions. 
The characteristic arcto-boreal species are more 
or less limited to the deposits in western Schles- 
wig-Holstein. This is due to the facies: nearly 
all arctoboreal species which have been found 
(e.g. Amauropsis islandica, Leda pernula, Natica 
groenlandica, Trophon clathratus, Macoma_cal- 
carea) are species living in deeper water. Conse- 
quently in the rest of the region the fauna is 
decidedly not characteristic. If, however, we 
compare these faunae with other faunae, it seems 
to me that they are characterized by a positive 
and a negative feature, the positive being the 
presence (locally) of arcto-boreal species, the 
negative being the total absence of southern lusi- 
tanic species. 

Outside Schleswig-Holstein little is known up 
till now about deposits of this age. It is to be 
regretted that the sequence of the deposits in 
East Anglia is not yet known with more certainty, 
though many important details have been dis- 
covered by recent investigations (King, 1955). 
An interesting point is the position of the Cor- 
ton Beds (Baden Powell, 1950; West, 1955). 
These lie between the Cromer Til and the Lowe- 
stoft Till. If the recent interpretation is correct, 
they are older than the.Holstein Sea, containing 
both warm, and cold-indicating species. Among 
the first there are not only species like Divaricella 
divaricata, Calyptraea chinensis and Trophon mu- 
ricatus, which nowadays may be found in the seas 
to the south of England, but also species like 


Digitaria digitaria, Cardita corbis and Pitaria 
sudis. It should be considered in how far these 
species may have been derived from older de- 
posits. 

In the Netherlands marine deposits are known 
which lie under the till in the northern part of 
the country (Tesch, 1939; A. Brouwer, 1948). 
By their position they are more or less compa- 
table with the above-mentioned deposits in 
Schleswig-Holstein. The fauna of these deposits 
is poor and contains no characteristic species. 
Most numerous are Cardium edule and Macoma 
balthica, further Mytilus edulis, Spisula subtrun- 
cata, Scrobicularia plana and Littorina littorea 
have been found, and in some cases Ostrea edulis 
and Cyprina islandica. In the boring Noord- 
bergum one fragment of Barnea candida has been 
recognized by recent re-determination. This is 
the first time that this species has been found 
with certainty in deposits older than Eemian. 
A small number of non-characteristic freshwater 
and terrestrial species has also been found in 
these deposits. 

It is clear that these Dutch deposits are older 
than Eemian. By the negative feature of the ab- 
sence of characteristic species and in consequence 
of its position below a till, the horizon corres- 
ponds to a certain extent with the Holstein Sea 
deposits in Schleswig-Holstein. A correspondence 
with the Corton Beds seems to me highly improb- 
able, considering the enormous difference be- 
tween the faunae and taking into account that 
the distance between the two regions is not 
particularly large. The question whether the Hol- 
stein Sea deposits and the deposits in the North- 
ern Netherlands are equivalent to the real 
Needian of Van der Vlerk and Florschütz has to 
be checked by other means (pollen-analysis). 


EEMIAN 

Few new data are available about the corre- 
lation of marine Eemian deposits in the Neth- 
erlands with those in other countries. Corre- 
lation with the Danish and German deposits was 
already shown in the original paper of Madsen, 
Nordmann and Hartz in 1908. Correlation based 
on marine shells with the deposits in East Anglia 
is impossible, because purely marine deposits of 
this age are lacking in this region. 

Much detailed knowledge of both the marine 
and the terrestrial deposits of the Eemian have 
long been available. Recently considerable in- 
formation about the Eemian fauna in the subsoil 
or Amsterdam has been obtained by the inves- 
tigations of the Malacological Society in the re- 
worked grounds in the western part of Amster- 
dam. A survey of these investigations will be 


273 
published by Spaink in „Basteria”. As a matter of 
fact these investigations did not yield data as to 
the zoning of the deposits. Such details may be 
expected from the borings recently carried 6ut 
by the Netherlands Geological Survey in the 
neighbourhood of Amersfoort in order to obtain 
detailed data about the type-locality of the 
Eemian. A study of the cores of these borings is 
now in progress. New data on the distribution 
of marine Eemian deposits have been obtained 
in the last few years by an investigation of the 
cores of a number of new borings in the province 
of Zeeland. Faunal as well as palynological 
evidence seem to prove that a large part of this 
region was covered by the Eemian Sea. It has 
been possible, moreover, to trace the terrestrial 
deposits in a southern direction, where they 
were found to constitute the continuation of the 
deposits of the so-called „Vallee flamande” in 
Belgium (Van Voothuysen, 1957). 


THE „MARINE INTERCALATION” IN THE 
WESTERN NETHERLANDS 


In 1939 Tesch considered the „generally 
coarse-grained, sandy horizon with gravel and 
marine shells in the subsoil of the south-western 
part of Zuidholland” as a marine intercalation 
in the high-terrace deposits. He compared them 
with the Holstein Sea deposits. Previously these 
deposits had been considered by Lorie as „Di- 
luvium which had been re-worked by the sea in 
alluvial times”. Van der Sleen considered them 
as Eemian, Tesch himself as very young Pleisto- 
cene or Holocene deposits. The interpretation 
of Tesch in 1939 was based (1) on the fact 
that in his opinion the coarse-grained, sandy 
zone had to be considered as the continuation of 
the high-terrace deposits upstream, (2) on a 
comparison of the deposits with the above-men- 
tioned marine „Needian” horizon in the northern 
Netherland and (3) on the fauna which on the 
one hand should be considered as an intermediate 
fauna between the faunae of the Icenian and 
the Eemian, and which on the other hand should 
be comparable together with the fauna of the 
deposits in the northern Netherlands with the 
fauna of the Holstein Sea deposits in Germany. 

In 1952 Bennema and Pons put forward ar- 
guments to consider the deposits as Eemian. 
They pointed out that the presence of one hinge 
fragment of Serripes groenlandicus and one 
hinge fragment of Diplodonta rotundata is not 
a sufficient base to consider the fauna as a less 
recent one than the Eemian fauna, as had been 
put forward by Van der Vlerk and Florschütz 
in 1950 (compare also the third argument of 
Tesch). Indeed I think that these fragments 
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should be considered as re-worked specimens 
derived from older formations as e.g. the spe- 
cimen of the Eocene Turritella solanderi found 
in our recent investigations. The other arguments 
of Bennema and Pons, however, are less con- 
vincing. They strongly emphasize the fact „that 
this marine layer almost uninterruptediy extends 
in the Eem-Sea deposits Iying more to the North”. 
Although this argument seems to be attractive, 
it is not convincing in the remarkably changing 
strata of the Quaternary in the Netherlands. If we 
take for instance a relatively small region as the 
Noordoostpolder, we find that Needian and 
Eemian deposits lie at short distance at absolu- 
tely corresponding dephts (see Wiggers, 1955, 
fig. 1). They seem to be right in drawing at- 
tention to the difference in facies between the 
„marine intercalation” and the usual Eemian 
deposits, as J. Brouwer did in several papers, but 
their supposition that it should be possible to 
find Eemian marine deposits in which typical 
Eemian shells are scarce, is incorrect as far as 
these deposits are known nowadays. Moreover, 
Van Straaten (1956) in the meantime has come 
to the conclusion that „the difference in mollusc 
composition between the Eem sediments and the 
„marine intercalation” in southwestern South 
Holland cannot be due to unequal salinities, or to 
the difference between tidal flat and open sea 
conditions”. He states that „both deposits have 
been formed in tidal flat environments, both at 
some distance from the tidal inlets”. With regard 
to the investigations made by Van Straaten it 
should be mentioned that Bennema and Pons 
have suggested that, in the region concerned, 
not the complete series of Eemian marine sedi- 
ments is present. 


The point of view held by Bennema and Pons 
was adopted by Van der Vlerk and Florschütz in 
1953. The statement made by these authors that 
„nearly all the 38 species of Mollusca found in 
these deposits are already known from the 
Eemian”, can hardly be considered as an argu- 
ment because we have mainly to do with very 
general species which lived during the „Needian” 
(in the northern Netherlands as well as in the 
Fiolstein region) and during the Eemian, and 
which are also present in the recent North Sea. 
Much more important is their argument that 
Venerupis senescens and Mactra corallina pli- 
stoneerlandica are restricted to the real Bemian 


and to the deposits discussed from the western 
Netherlands. 


Reconsidering the whole problem, we have 
to leave out of discussion Tesch’s first argument 
because in principle Lorie’s idea that we have 


to do with reworked sands from upstream for- 
mations is evidently correct. Equally the main 
argument put forward by Bennema and Pons 
about the continuation of the deposits to the 
north has to be left out of discussion, because only 
detailed mapping of the subsoil might bring the 
solution. So we have to rely upon fossil evidence. 
In this respect it is of importance to look at the 
general differences between the faunae of the 
Holstein Sea deposits and the marine Eemian. 
As I said before the Holstein Sea deposits are 
characterized: (1) by the presence of arcto-boreal 
species which, however, are lacking in the shal- 
lower deposits (as is the case in the marine 
„Needian” in the northern Netherlands), (2) by 
the totalabsence (in Germany as well as in the 
northern Netherlands) of lusitanic species. 
The Eemian on the contrary is characterized in 
Denmark and Germany as well as in the Neth- 
erlands by the presence of a number of 
lusitanic species. As a matter of fact there 
are some differences between the Eemian faunae 
in the Netherlands and in the Danish-German 
region, but it should be stressed that the general 
character is the same. 

As it is essential that not a single lusitanic 
species has been found either in the German 
Holstein deposits or in the marine „Needian” in 
the northern Netherlands, it would be illogical 
to expect these species to appear in the western 
part of Zuidholland, i.e. at a relatively short 
distance of about a hundred kilometers. Our new 
investigation of the fauna of the „marine inter- 
calation”, however, has shown again that solitary 
specimens of species like Bittium reticulatum and 
Nassarius pygmaeus can be found in several 
places in these deposits. This is in my opinion 
the most important argument against a correla- 
tion of these deposits with the real Needian- 
Holstein deposits. This does not necessarily imply 
that the „marine intercalation” is synchronous 
with the Eemian deposits in the subsoil of Am- 
sterdam and Amersfoort. There are, on the con- 
trary, arguments which point at a younger age. 
These arguments are: 


(1) the presence of a real Eemian fauna in the 
subsoil of Leiden; 


(2) the results of the faunae analysis by Van 
Straaten (1956); 


(3) the palynological dating of a clay layer be- 
neath the „marine intercalation” in Western 
Schouwen (Zagwijn, 1955). 

The first argument is an attractive but not a 
strong one. The fact is that in a boring in Lei- 
den, i.e. just outside the region of the „marine 
intercalation” of Tesch (Tesch, 1939, p. 10) we 


have found a complete Eemian fauna. It com- 
prises the following species: 


Nucula nucleus (L.) 

Modiolus modiolus (L.) 
Mytilus edulis (L.) 

Chlamys tigerina (Müller) 
*Chlamys varia (L.) 

Ostrea edulis L. 

Cardium paucicostatum Sow. 
cf. Dosinia lupinus lincta (Montagu) 
"Venus ovata (Pennant) 
*Venerupis aurea senescens (Cocconi) 
Spisula subtruncata (Da Costa) 
Donax vittatus (Da Costa) 
Abra alba (Wood) 
Scrobicularia plana (Da Costa) 
"Gastrana fragılis (L.) 

Macoma balthica (L.) 

Angulus cf. distortus (Poli) 
Aloidis gibba (Olivi) 

Barnea candida (L.) 

Thracia phaseolina (Lam.) 
Hydrobia ulvae (Pennant) 
*Rissoa cf. inconspicna Alder 
*Caecum glabrum (Montagu) 
*Bittium reticulatum (Da Costa) 
Chrysallida spiralis (Montagu) 
*"Odostomia turrita (Montagu) 
*Turbonilla crenata (Brown) 
*Turbonilla elegantissima (Montagu) 
*Eulimella nitidissima (Montagu) 
*Nassarius pygmaeus (Lam.) 
Nassarius reticulatus (L.) 
*Haminea navicula (Da Costa) 
*Retusa alba (Kanmacher) 


This fauna, of which the species more or less 
typical of the Eemian have been designated with 
an asterisk, and which actually represents a cha- 
racteristic Eemian association, has been found at 
a depth of 3015 to 40 m below N.A.P. (mean 
sealevel), whereas the depth of the „marine in- 
tercalation” in the neighbourhood varies from 
about 24 to 34 m below N.A.P. The difficulty, 
however, is that with our present knowledge of 
the structure of the subsoil of Leiden and its 
immediate surroundings it is impossible to get 
a clear idea of the succession of the various 
strata. The possibility even exists that this 
Eemian fauna is a reworked one in a tidal 
gulley. Only detailed mapping of the subsoil in 
this area can reveal the solution we need. 

The second argument definitely shows that the 
„marine intercalation” is not synchronous with 
the normal marine Eemian deposits. Theoretically 
there are three possible consequences of this 
argument: (1) the deposits are older than the 
normal marine Eemian (though belonging to the 
Eemian), (2) the deposits are youger than the 
normal marine Eemian (still belonging to the 
Eemian and possibly comparable with the Olan- 
der Beds of Dittmer as is supposed by Van 
Straaten, (3) the deposits are younger than the 
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Eemian (representing e.g. deposits of a younger 
interstadial time). 


The third argument is the most important one. 
In a boring in western Schouwen Zagwijn was 
able to establish, by palynological investigation, 
that the layer of clay immediately beneath the 
„marine intercalation” probably originated during 
the transition from the Ouercetum mixtum to 
the Carpinus phase of the Eemian. It should be 
remembered that the marine Eemian deposits in 
Amersfoort were formed before the Carpinus 
phase. This argument clearly shows that the 
„marine intercalation” is younger than the normal 
marine Eemian. This implies that the marine 
Eemian of Van Voorthuysen (Zone van Vlis- 
singen) in the province of Zeeland should also 
be considered as younger than the marine Eemian 
of Amersfoort. 


The final result of all these considerations is 


‚that it may be considered as highly probable that 


the „marine intercalation” in the western Ne- 
therlands is younger than the marine Eemian in 
the centre and the north of the country. The 
question whether we have to do with young 
Eemian or with still younger (interstadial?) de- 
posits is still open to consideration. 
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DISCUSSION 


Mr. Tesch once again stressed the importance of 
the investigations of J. Brouwer (1941-1943) who, by 
quantitative analysis, demonstrated the big diffe- 
rence between the fauna of the marine intercalation 
(about 64 %/o Cardium edule and 2°/o gastropods) 
and the Eemian (about 4-11 %/o Cardium edule and 
62-82 /o gastropods). He, therefore, does not find 
a reason to change his point of view of 1939. 


Mr. J. P. Bakker points to the possibility that 
warmer and colder faunae may occur at relatively 
short (horizontal or vertical) distance from each 
other, if small periodical changes in the direction of 
the gulfstream are taken into account. 


Mr. van der Heide: In recent times such diffe- 
tences are not found in our region. An oceanographer 
should be asked if it is possible that such changes 
could have acted here in pleistocene times. 


Mrs. van der Feen-van Benthem Jutting draws the 
attention to the difficulty that several species of the 
Eemian-fauna generally live on a cliffcoast. 


Mr. van der Heide: It has been shown that the 
most common species (Bittium reticulatum) lives in 
tidal flat conditions at Arcachon. Some of the 
other species, however, may have found a support 
on local erratic blocks in and around the Eemian sea. 


Mr. Van Voorthuysen remarks that foraminifera 
arc too scarce in the coarse grained marine interca- 
lation. He has, however, studied foraminifera from 
the different horizons in Danmark and has found 
little difference. To his opinion the solution of the 
problem in the Netherlands will mainly be found by 
lcoking for the stratigraphical position, e.g.in regard 
to the Riss till. 


GEOLOGIE EN MUNBOUW (NW. SER.), 19e JAARGANG, PAG. ZEITEN 957 
PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


RIVER TERRACES AND QUATERNARY CHRONOLOGY 
IN THE NETHERLANDS 


J. 1. S. ZONNEVELD! 


INTRODUCTION 


The study of river terraces is no new method 
in Quarternary geological stratigraphy. In the 
ceutse of time it has been applied more than 
once to correlate deposits in the Netherlands with 


chose of neighbouring areas and with the: 


Quaternary chronological system(s). 

Yet it may be useful again to consider what 
are the possibilities and difficulties appertaining 
to this correlation method, and what stratigraphic 
results may be attained with terrace studies in 
the Netherlands. 

It will be necessary first to discuss shortly some 
definitions and principles. 


RIVER TERRACES 


A river terrace is an old alluvial plain left 
behind by the river after a period of (revived) 
vertical erosion and showing a step-like feature 
in the landscape at some height above the recent 
flood plain. 

Its more or less horizontal top often contains 
a sheet of river sediment deposited by the river 
before it cut into the plain. This terrace sediment 
may vary in thickness originally; moreover the 
original thickness may have decreased by subse- 
quent denudation. 


A distinction should be made between socalled 
erosion- and accumulation terraces. With the first 
the thickness of the terrace sediment is only deter- 
mined by the depth of the river, which was in equi- 
librium when the then floodplain was formed. 

The river meandered through the plain, digging 
out material along one bank as deep as about the 
depth of the river at most, depositing about as much 
sediment on the other bank. This action might be 
compared to the working of a dredger, the substratum 
being in principle more or less shaved off. In this 
way almost contemporaneous with the river plain, 
a layer of sediment is formed about as thick as the 
depth of the river (fig. 1a). 

In the case of an accumulation terrace the river 
aggraded its bed before cutting into its flood plain, 
thus forming a deposit with a greater thickness than 
the depth of the river (fig. 1b and c). 

It should be taken into account that a sedimentary 
deposit of considerable thickness need not have been 


1 Geologische Dienst, Haarlem. 


formed during one period at a stretch. It may consist 
of a pile of layers separated by time intervals during 
which accumulation was at a standstill and the most 
recent material was being reworked, sometimes such 
a time interval even represents another erosion period 
(ereeten Te). 

If the new aggradation exceeds the preceding ero- 
sion the already existing terraces (erosion- or accu- 
mulation terraces, but also features like denudation 
terraces ?) could be covered by new layers of sedi- 
ment. If the accumulation plain thus formed is in- 
cised during a new erosion phase the resulting ter- 
race is called „Überwallungsterrasse” (German) or 
„overslag-terras” (Dutch) (Bakker, 1948) See fig. 1d 
and f. 

Finally there are so-called polygenetic terraces 
(Chaput, 1924), i.e. (sloping) terraces with sedimen- 
tary layers formed during the uninterrupted down- 
cutting action of the river (fig. 1e). 


DISTINCTION AND CORRELATION OF 
TERRACE UNITS 


The most obvious method to distinguish and 
correlate terrace units is a comparison of their 
levels, i.e. the levels of their surfaces. 

But the terrace surface may have undergone 
changes by subsequent erosion, denudation, or 
covering with loess, coversands or solifluction 
masses so that it is often difficult to find the 
original level. Then it is of importance also 
to investigate the level of the terrace-base, i.e. 
the bottom of the sedimentary layers. - 


In the latter case it makes all the difference 
whether one has to do with erosion or with ac- 
cumulation terraces. In the case of erosion terraces 
it may be assumed that their base is a more or less 
flat plane in a way connected with the original ter- 
race surface; this phenomenon is out of the question 
in accumulation terraces, for the forms and the levels 
of their bases may have been formed at different 
periods and under entirely different conditions. As 
a matter of fact, such a base might be the base of 
an older terrace covered by the more recent accumu- 
lation, it might have been formed by denudative 
altiplanation or it is not a levelled plane at all, 
but for instance a more or less irregular valley-slope 


(cf. fig. Ic and fi). 


2 A denudation terrace is formed independent of 
river erosion, through a retreat of valley-slopes or 
parts of them owing to denudation (denudative alti- 
planation: Bakker, 1948). 
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Fig. 1. — Several types of river terraces. a: erosion terraces; b and c: accumulation terraces; d 
terraces; e: polygenetic terraces; f 
matically the ve 


: „overslag”- | 
: combination of different types. The diagrams to the right indicate sche- 
rtical and horizontal movements of the river during the successive phases. 


In correlating the terrace sediments the fol- 
lewing circumstances deserve attention: 


When an erosion terrace (e.g. in a down-river 
dırection) passes into an accumulation terrace, the 
sediment of the erosion terrace may not be corre- 
lated with the total amount of sediment in the 
dewn-river accumulation, although both the base 
and the top of the terrace sediment could apparently 
be traced uninterruptedly from one area into the 
other. 

For it should be taken into account that in the 
area of the erosion terrace equilibrium conditions 
prevailed for a long time, the material then deposited 
being continually replaced by younger sediments. 
Although some parts of the older sediments from this 
„equilibrium period” may have been preserved (see 
later), large parts of the terrace sediment will mostly 
date from the latter part of that period. 

The accumulation area, however, has also pre- 
served the older sediments from the period in 
question. The younger ones were deposited on top 
of them; it will be especially these younger sedi- 
ments which can be correlated with the terrace 
sediment in the area of erosion terraces. 

On the other hand it should be borne in mind that 
in spite of what has been said, there may occur 
sediments formed at different periods in one and 
the same erosion terrace, so with the same terrace 
base. These may be found at a crossing of two ter- 
races (especially when this crossing has been caused 
by tectonic faulting as in fig. 2?) or where diverging 
or converging terraces coincide and the old sediments 
in the area of coincidence have not (yet) been entirely 
replaced by younger sediments. 


Fig. 2 — Terrace crossing due to faulting. 


Naturally the sediment in a polygenetic terrace 
may vary as to its age. It was deposited over a 
relatively long period of time, during which the 
river accomplished its action of gradual downcutting. 

It appeared to be possible to trace some terrace 
sediments not only by means of the determination of 
the level of their tops and/or bases, but also of the 
composition of their gravel and sand content. In this 
connection may be referred to van Straaten (1946), 
Maarleveld (1956), van Baren (1936) and Zonneveld 
(1955, 1956). Whenever possible other suitable me- 
thods will of course also be applied for correlating 
terrace sediments such as pollen analysis, remains of 
mammals, and radiocarbon dates. 


3 An example is found in the Netherlands in the 
crossing of the terraces of Caberg (= Veghel zone) 
and Gronsveld (= Horn zone) N. of Sittard. 
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CAUSES OF TERRACE ACCUMULATIONS 
AND RIVER INCISIONS 


A correlation of river terraces may be carried 
out for the sake of purely morphographical, re- 
gional knowledge of the succession of terraces 
and the mutually relative ages of the units to be 
distinguished. Another aim may be to account 
genetically for the origin and the succession of 
the terraces and accumulations (the geomorpho- 
logical approach) and finally, with or without 
consideration of the above, it may be tried to 
determine their place in time (the historical- 
geological-stratigraphical approach). 

The origin of terraces and accumulations may 
be connected with tectonic as well as climato- 
logical causes. Therefore a thorough knowledge 
of the genesis of certain terraces would make it 
possible by means of terrace studies to draw 
certain conclusions with regard to the tectonic 
or climatological history and consequently the 
(Quaternary) geological history of an area. Such 
conclusions have been made more than once. But 
more often than not they differed owing to the 
fact that the opinions themselves about the 
genesis of the terraces showed great differences. 


An important element in the discussion was the 
longitudinal profile of the river and its changes 
brought about by various influences. The longitu- 
dinal profile of part of a river may be a so-called 
„profile of equilibrium”, when at all points as much 
debris is deposited as is carried off. Such a poised 
profile is partly determined by the quantity of water 
and the nature of the bed material at successive 
points of the river. Attempts to establish the condi- 
tions of this profile of equilibrium in a hydraulic- 
mathematical way have as yet failed (e.g. Mackin, 
1948; Leopold & Maddock, 1953; Makkaveiev, 1956) 
but it is clear that local changes in the quantity of 
water, the size of the bed material, the slope (so 
the speed) of the river, may lead to local „correc- 
tions”, which may make their influence felt to a 
more or less considerable extent over some distance 
in an up-river or down-river direction. j 

Thus an increase in the slope of the river, caused 
fo: instance by tectonic movements may lead to river 
incisions; a decrease, however, to accumulation. 

Also a change in the grain-size (which may have 
been caused by a change in the nature of the wea- 
thering process under influence of climatic and 
various other local or non-local events) may locally 
disturb the balance. The river, however, ıs not in a 
position to change at a given point the quantity of 
water supplied from above in order to restore the 
equilibrium; nor can it modify the grain size of the 
supplied sediment at short notice. Such disturbances 
therefore cause the „corrections” to assume the cha- 
racter of a revision of the slope of the river. These 
revisions likewise take place either through down- 
cutting or accumulation, after which the local ba- 
lance may be restored. 

When the quantity of debris increases locally, for 
irstance by an abundant supply of debris caused by 
increased frost weathering and solifluction during a 
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cold period, this may result in a more or less local 
accumulation (even with a constant quantity of wa- 
ter). Now it can be assumed that under certain glacial 
conditions the quantity of water decreased, which may 
have been an other cause of accumulation. When the 
climate improves (for instance during the changes from 
a glacial to an interglacial period) the abundant supply 
cf debris from the valley-slopes, etc., may stop while 
on the other hand the quantity of water (melted ice) 
may increase considerably; both changes may result 
in removal of sediment (and valley-incision). In prin- 
ciple it is possible for this sediment to be deposited in 
the lower course, for there the slope (and water 
velocity) decreases, causing the coarser debris to be 
deposited. 

Moreover during the change from glacial to inter- 
glacial conditions the sea-level tends to rise eusta- 
tically, which in the lower cause of the river may 
result in the water being dammed up, this in its 
turn causing accumulation (cf. also Woldstedt, 1952). 

Sinking of the sealevel may cause river incisions, 
namely when the river-course is extended across a 
(dried-up) sea-bottom with a slope steeper than the 
slope which (under the given quantity of water, 
grain-size of the sediment, etc) would guarantee a 
state of equilibrium. Such an incision may extend 
itself upstream. But when the slope of the former 
sca-bottom is less steep, there would be accumulation. 

So the equilibrium conditions depend upon factors 
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or... 1 


Brielle 


Wijk bij Duurstede 


which are (partly) local; they should generally be 
seen as local conditions. Though certain local dis- 
turbances of the equilibrium may make their influ- 
ence felt over a more or less long distance, the 
poised profile is not an imaginary erosion-deter- 
minant, constant in its from, whose situation with 
regards to the real river profile is determined by 
for instance the place of its lowest point, i.c. the 
river mouth. 

Hence it is incorrect to assume that for instance 
movements of the river mouth caused by a fall or 
a rise of the sea-level would shift the entire profile 
of equilibrium. Theoretically, conditions at a certain 
point in the middle course of the river remain 
unchanged when a rise of the sea-level should re- 
move the mouth inland. The only consequence would 
be that part of the river would as it were be „put 
out of use”. In practice the area of the new mouth may 
show phenomena as delta formation and perhaps some 
accumulation immediately upstream of the delta, but 
the changes thus caused in the river profile will 
be of a more or less local character (cf. fig. 3). The con- 
ciusion that a rise of sea-level resulting in a rise 
of the profile of equilibrium would cause a river- 
incision in the upstream parts of the river system 
(see for instance Escher, 1948; Brouwer, 1956) is 
based on a wrong idea of the nature of the equili- 
brium conditions in a river. 
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Big. 3. 
a: Longitudinal profiles of the Lower Terrace of the Rhine (according to Pons 1954) and the recent flood 


plain. The holocene delta is clearly recognisable. 


b: The same extended whith the longitudinal profile of the Lower Terrace in th 


e Southern North Sea region 


P (1954) Ti; l B Nii . . . 
ASTC omputed by ons 4). he hc JLOCENE Eerosıon upst ream of ıjmegen 15 not connected W ith the rise of 
the sealevel of the North Sea, but probably W ith climatological influences. 


c: Hypothetical situation after the holocene rise of sealevel occording to the conception of Escher (1948) 


and Brouwer (1955). 


DISTINCTIONS AND CORRELATION OF 
TERRACES IN THE S.E. NETHERLANDS AND 
THE ADJOINING AREAS 


In the course of time numerous attempts have 
been made to distinguish the terraces in the 
Maas and Rhine area. Investigations in the dif- 
ferent countries were made independent of each 
other, the criteria applied not always being the 
same. Consequently the distinctions made between 
the terraces were not easily adjustable. 

The latest synopsis for the Belgian area was 
given by Macar (1954). The results of the latest 
investigations made for the terraces in the SE. 
- Netherlands (Brueren, 1945%; van Straaten, 1946; 
Zonneveld, 1947, 1949) were summarized by 
Zonneveld (1955, 1956). 

Quitzow published a survey nf the investi- 
gations into the terraces of the (serman Lower 
Rhine Plain (Quitzow, 1956). At a recently held 
symposium attemps were made to correlate the 
terraces in the Belgian-Dutch and German areas. 
These attemps resulted in a table (Quitzow and 
Zonneveld, 1956) of which table 1. is an extract 
(not to mention the last column, showing the 


* In 1948 Bakker criticized the investigations into 
the S. Limburg terraces, as carried out by Brueren. 

Bakker pointed out first that the differences in 
heigt between the units distinguished by Brueren were 
too great actually to make infallible distinctions. He 
was strengthened in this opinion by the fact that 
Brueren’s fig. 7 contained an ill-constructed formation 
beundary line, through which the impression was 
made that within one and the same terrace this 
boundary (the terrace base) ran from the 80 m level 
to the 100 m level. Indeed, a difference of 20 m in 
the terrace base would be greater than the difference 
observed by Brueren between some of his successive 
terrace units and make Brueren classification falla- 
cious. But nowhere Brueren’s real facts do show such 
differences within the distinguished terrace units. 
Also when ignoring Brueren’s interpreted boundaries, 
his facts allow of a distinction between a number of 
clearly separated terrace base levels. 

Brueren was of opinion that it was possible to draw 
some invisible boundaries between two terrace-levels 
at the place where two cross-valleys cut into either 
side of a more or less peninsular part of the ter- 
race-plain. Bakker rigthly points out that this method 
is incorrect. It should be noted, however, that this 
method had no influence on the classification of the 
levels itself. 

Bakker points to the possibility that some $. Lim- 
burg terraces might actually be denudative terraces, 
later covered by a layer of river gravel, as a result 
cf accumulation from a lower river plain („over- 
slag”-terrace). 

In principle Bakker’s conception possibly may be 
an important contribution to a better understanding 
of the genesis of some wide terrace plains, Bakker’s 
suggestion that the Rothem area contains traces of 
„overslag”-terraces, however, seems to be in con- 
tıadiction with the results of investigations now 


known. 
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Quaternary chronological system as proposed 
by Van der Vlerk, 1957). 


GENESIS AND AGE OF THE DUTCH RIVER 
TERRACES 

As has been said before the formation of 
accumulations and terrace incisions may depend 
either on tectonic movements or climatic changes 
and sea-level changes. Often these three agents 
are active simultaneously. 
1. Both the Rhine and the Maas in their middle 
ccurses flow through an area uplifted during the 
Quaternary (Ardennes-Rhenish Schiefergebirge). 
Their lower courses, however, pass through areas 
known to have tectonically sunk (mostly along 
faults) during the same period. 


2. The Quaternary climatic changes, varying 
from arctic to warm temperate did not only 
influence the equilibrium conditions in the rivers 
but also the sea-level. These movements of the 
sea-level caused the shallow sea at the river 
mouths to fall dry or be inundated. The depth 
of this sea was not always the same partly due 
to tectonic movements (?), partly to filling up 
during the several parts of the Pleistocene with 
fluvial, glacial or aeolian sediments. Therefore 
it should be taken into account that any region 
may contain terraces of different origin. 

In our country it would be a mistake to place 
a priori the river incisions in interglacial and 
the formation of sediments in glacial times. 
(Neither is it correct to relate a priori the de- 
position of coarse sediments exclusively with 
cold periods and the formation of fine-grained 
layers with warm periods: see Brouwer, 1948; 
Zonneveld, 1947, 1956). 

Therefore not only the mutual correlation of 
terraces and accumulations, but also their cor- 
relations with the Quaternary chronology (i.e. 
the determination of their stratigraphical age) 
requires a critical attitude with regard to their 
genesis. 

At this stage of our knowledge it would be 
preferable not to found too much upon deduc- 
tions but to do empiric work and find direct 
climatic indications in the various sediments in 
order to get an impression under what climatic 
conditions the several terraces did orginate. Such 
indicators are for instance paleontological finds 
(temains of mammals and specially pollen asso- 
ciations), the occurence of periglacial phenomena 
within the sediments, the morphometrical analysis 
of the gravel, the occurrence of big boulders, 
which can only have been transported by ice-floes, 
the presence of so-called „soft pebbles”, rounded 
off sandy inclusions which must have been 
transported in frozen condition, etc. Moreover 


282 


any influence of tectonic movements and changes 
in sea-level must be studied for each terrace se- 
parately. 


From what has been said above it follows that 
it is at present impossible to establish exactly 
the genesis and/or age of each Dutch terrace. 

For the correlations and the dating of the Old 
Pleistocene accumulations — particularly those 


in the S.E. Netherlands — reference is made to’ 


Zagwijn (1957). 

As for the age of the $. Limburg terraces it 
may be said that the Ubaghsberg gravels are 
connected with the so called „trainee mosane” in 
Belgium (Macar, 1945), that according to recent 
investigations (Macar & van Leckwijck, 1949; 
Macar, 1954) seems to be early pleistocene in 
age; possibly these deposits were formed during 
the Pretiglien. 

The Margraten gravels in Germany are overlain 
by a thin layer of clay, considered by German 
geologists to be „Tegelenton”. This clay of Te- 
gelen belongs to the uppermost parts of the 
Tegelen formation (Zagwijn, 1957). The Mar- 
graten gravels therefore could perhaps be corre- 
lated with older parts of this formation, mainly 
formed in Tegelen times; the older terraces (those 
of Noorbeek and Kosberg) could also date from 
the Teglian or possibly part of the Pretiglien. 
Up to now nothing is known of any clima- 
tological or exact chronological indicators. 

S. Limburg is separated from the area further 
downstream by a number of great faults. It 
may be assumed that at least some of the ter- 
races in S. Limburg were formed by movements 
(relative uplifts) along these faults, e.g. the ter- 
races of Noorbeek, Sibbe and Herkenbosch (cf. 
Zonneveld, 1955). 

At Susterseel (Zelfkant) below sands of the 
Sterksel Series a Maas sand was recently found, 
which continues northward into the Maas sand 
ot Koningsbos and the Mijnweg and is most 
probably a continuation of the terrace of St. 
Geertruid. Between the Sterksel Formation and 
the above sand lies an old loess. Further inves- 
tigations should decide whether this loess belongs 
stratigraphically to the Sterksel Formation or to 
the (older) Kedichem Formation. If the latter 
should be the case the above mentioned Maas 
sand as well as the corresponding Maas sands in 
the Main Terrace of Koningsbos and the Mijn- 
weg may no longer be reckoned to belong to the 
Zone of Budel (so to the Sterksel Formation) as 
has so far always been done (cf. Zonneveld, 
1956). 

In S. Limburg the next younger terrace is the 
level of St. Pietersberg. The Maas sediments 


seem to be traceable via the Belgian Campine 
into the Sterksel Formation, in which Maas 
sands occur that have been called the „Budel 
Zone” by Zonneveld (1947). 

It has been proved that in the Limburg and 
the adjoining Belgian area the terraces of St. 
Geertruid and St. Pietersberg diverge in an 
upstream direction. This seems to point to an 
uplift which in the south of the area under dis- 
cussion was stronger than further north (see also 
Hol, 1916). So it may be called an established 
fact that at least the erosion that gave rise to the 
formation of the St. Geertruid terrace had so- 
mething to do with a tectonic uplift (Ardennes). 

In the Roer Valley the Sterksel formation is 
a typical accumulation deposit. It is possible, 
however, that the accumulation was not an un- 
interrupted one. As to the climatic conditions 
under which it was formed, it can be said with 
certainty that at Westerhoven „warm” pollen 
associations were found in deposits of the For- 
mation of Sterksel (Cromer interglacial) (Zag- 
wijn and Zonneveld, 1956). Kaiser (1956) on 
the other hand says that the occurrence of indi- 
cators of a cold period, such as syngenetic frost 
fissures, big boulders only transportable by ice, 
inclusions of once frozen sand, etc. can induce 
him to assume that the corresponding terrace 
sediments in the German Lower Rhine Plain 
(„Hauptterrasse”) were formed under cold climate 
conditions (cf. also Richter, 1952). 

If, moreover, the fact is taken into considera- 
tion that elsewhere in the Sterksel Series pollen 
associations have been found pointing to mo- 
derately cold or moderately warm conditions 
(Doppert and Zonneveld, 1955), the conclusion 
must be made that the deposition of the Sterksel 
Series was not confined to one particular inter- 
glacial or glacial time, it occured as well in the 
Cromer interglacial as in the preceding and fol- 
lowing glacial times. At any rate the accumulation 
seems to be less (or not exclusively) connected 
with climatological, but to a large extend with 
tectonic factors (subsidence in the Valley area). 
The abundance of (coarse) sediment possibly is 
connected to a certain extend with an important 
upheaval of the Rhenish Schiefergebirge. 

In the Krefeld area as well as at some points 
in N. Limburg and the Noordoostpolder (Wig- 

° So far I have assumed the sediments of St. 
Geertruid and St. Pietersberg both to be traceable 
into the Budel Zone of the Sterksel formation, as- 
suming that there was only a minor difference in 
age between the two terrace deposits. But if the 
Maas sands of Susterseel, Koningsbos and the Mijn- 
weg must be included in the Kedichem Series, there 


must be a rather great difference in age between the 
two S. Limburg terraces just mentioned. 
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gers, 1955) coarse sands with volcanic minerals 
were found below Needian (— Hoxnian) sedi- 
ments. These sands, the Zone of Urk (cf. Zon- 
neveld, 1956), possibly correlate with the „Mitt- 
lere Mittelterrasse” or „Rinnenterrasse” (cf. de 
Jong, 1957). In the neighbourhood of Krefeld 
and N. Limburg these sands clearly lie within 
river incisions down to from 0 to 8 m below 
Ordnance Level. In the area of Urk (and in other 
places in the N. and W. Netherlands), their base 
lies at about 50 m below Ordnance Level. Here 
the sediment has clearly the character of an ac- 
cumulation. One would be inclined to attribute 
this very deep incision to a fall of the sea-level, 
though direct evidence in still lacking. 

The situation in the subsoil of Rosmalen and 
Helmond suggests that the Veghel Zone — cor- 
relating with the Middle Terrace of Caberg 
(Maase) and the „Mittlere Mittelterrasse” 
(Rhine) — dates for at least in its lower part 
from the Needian (Hoxnian). The upper part 
may perhaps be of (Riss-Saale) glacial age and 
may correlate with the „Sanderterrasse” („Un- 
tere Mittelterrasse”) — of which the sediments 
were deposited at the approach of the Riss land- 
ice. 

Maarleveld (1956) could trace the Veghel 
Zone into the Gooi by means of gravel analysis. 
The sands occur within the push moraines there 
and must consequently have been deposited be- 
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fore the arrival of the land-ice in the central 
Netherlands. 

Moreover a large part of the fine sandy de- 
posits („Zanddiluvium”) overlying the Veghel 
Zone in the Roer Valley Graben proved to have 
been formed during the Saalian (Florschütz and 
Anker-Van Someren, 1957). If part of the Veghel 
Zone was formed during this glacial time it 
must also for this reason be the first part of this 
glacial. 

The thickness of the Veghel Zone hardly 
anywhere exceeds 10 m. The same may be. said 
for most of the $. Limburg terraces. Now rivers 
like the (present) Rhine may have a maximum 
depth of about 10 m. So theoretically it might be 
assumed that the thickness of the above terraces 
suggests them to be erosion rather than accumu- 
lation terraces. In that case no chronological dif- 
ference can be made between the formation of 
the terrace-base and the deposition of the sedi- 
ment. However, the nature of the deposits in S. 
Limburg (a more or less horizontal succession 
of individually cross-bedded units) suggests ac- 
cumulation, though relatively slight. Therefore 
the following phases during the formation of 
these terraces should be taken into account: 

(1) a period of vertical erosion, from which 
practically no sediments have remained; 

(2) a period of valley-widening and deposition 
of sediments up to a thickness of about the 
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depth of the rivers (which was probably 
not very important); 

(3) a period of possibly slight accumulation. 

At this moment no climatological indicators 
from these three phases are known. (The dia- 
gram from the Veghel Zone published by Dop- 
pert and Zonneveld refers to a boring near Ros- 
malen, in an area where the deposition of the 
Veghel Zone was not preceded by valley for- 
mation, namely the area North of the terrace- 
crossing with the Sterksel formation.) If we 
want to know the connection between erosion 
and accumulation on the one hand and climatic 
conditions on the other it will be necessary to 
intensify the search for climatic indicators in our 
terrace deposits. 

The Zone of Kreftenheye (together with the 
Grubbenvorst Zone) appears to consist not of 
one, but of two different sediments, the lower 
one of which might be correlated with the „Kre- 
felder Mittelterrasse” (sometimes placed in the 
latter part of the Saalian), for near Weeze in the 
middle of the Kreftenheye Zone there appears 
to be a layer of peat of Eemian age. 

Upstream along the Maas this lower part is 
probably traceable into the Horn Zone and the 
terrace deposits of Gronsveld. This correlation 
is in keeping with the circumstance that the Horn 
Zone seems to be isochronous with the part of 
the „Zanddiluvium” of the Roer Valley Graben 
which since the investigations of Florschütz and 
Anker-van Someren appears to date from the 
Saalian. 

The upper part of the Kreftenheye Zone con- 
sists of Lower Terrace sediments („Ältere Nie- 
derterrasse”); they pass into the overlying „Hoch- 
flutlehme”, which Florschütz (Schelling, 1951) 
gave a Late-glacial age. These Lower Terrace se- 
diments occur along the Maas in the upper part 
of the Grubbenvorst Zone and its overlying 
finer-grained sediments. In S. Limburg and Bel- 
gium the Lower Terrace coincides with the pre- 
sent river plain. 

During the Holocene the „Untere Niederter- 
rasse” was formed in Germany. In the Nether- 
lands Pannekoek van Rheden (1936) described 
a similar terrace. In the area of the rivers Maas 
and Waal the Lower terrace and the Holocene 
terraces disappear is a westerly direction under 
the younger Holocene sediments, which may be 
taken to have originated as a result of the Ho- 
locene rise of the sea-level (cf. fig. 3). 


CONCLUSIONS 


(1) In the Netherlands and the neighbouring 
areas events of a different nature took place, 


each of which may result in terrace formation 
or accumulation; such events are for instance 
tectonic movements (faulting and uplifts), cli- 
matic changes and changes in sea-level. 

(2) This has given the terrace genesis of 
this region a cemplicated character. It is impos- 
sible ä priori to ascribe the occurrence of ter- 
races exclusively to Quaternary climatic changes 
and thus carry out a correlation with the Quater- 
nary stratigraphic system. 

(3) For a better understanding of the terrace 
landscape it would be desirable to direct inves- 
tigations in the first place to the collection of 
direct climatological indicators in the terrace 
bodies. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM . 


ON THE CORRELATION OF NFEEDIAN IN THE NETHERLANDS AND 
HOLSTEIN DEPOSITS IN WESTERN GERMANY 


jJ. D. DE JONG! 


From borings in the Northeast Polder area a 
large number of samples have been investigated 
on their heavy-mineral composition. Part of these 
tesults have been compiled by Wiggers and have 
been applied in the construction of a section 
through the Northeast Polder (1955, fig. 1). 
From the heavy-mineral investigations it appeared 
that in the coarse-grained deposits underlying the 
clay and peat layers which were dated as Needian 
(= penultimate interglacial) by Florschütz (in 
Wiggers, 1955), the minerals augite and saus- 
surite occur in considarable quantities. In the 
deposits of the older Pleistocene augite is in- 
significant. In this case only the remains of ter- 
tiary volcanic supplies are concerned, whereas in 
the Middle Pleistocene (Upper Middle Terrace 
= german: Obere Mittelterrasse) a revival of 
volcanic activity gives a new impulse of volcanic 
minerals in the sediment load of the rivers (Gur- 
litt, 1949). So far palynological investigations 
have not answered the question whether these 
deposits should be included entirely in the Tax- 
andrian or whether the upper part belongs to 
the Needian. Crommelin (1953) investigated the 
samples of two deep borings near Harderwijk. 
The sands showing a S- (= saussurite) and AS- 
(= augite —- saussurite) assemblage should be 
placed respectively in Mindel-Riss interglacial 
and Riss-glacial times. This idea was in accor- 
dance with the conception given by Steenhuis 
(1939) that the coarse-grained Main Terrace 
deposits should be placed in the cool, i.e. glacial 
Riss time and especially in Riss I time. 

From the work done by Florschütz and Wig- 
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gers it appears that the deposits with S- and AS- 
assemblages belong to an older part of the Plei- 
stocene sequence. Sandy and on the whole fine- 
grained parts of the clay-layers, show no high 
percentages of augite, generally even nothing, but 
here saussurite occurs in large quantities. Absence 
of augite can be accounted for by its presence in 
relatively large grains. Therefore the different 
heavy-mineral composition may have been caused 
by granular variation. 

In the Krefeld-area (Rhineland, Western Ger- 
many) in a section of gravel-bearing coarse sands 
between about 10 and 20 m. depth occurs a 
clay and peat-layer. The age of this layer was 
determined as Holstein (penultimate interglacial 
of Woldstedt's proposal of subdivision of the 
Pleistocene) by Von der Brelie and Rein (1952). 

The heavy-mineral assemblages of the under- 
lying and overlying coarse sands show identical 
compositions, that is high percentages of augite 
and saussurite (de Jong, 1956). Fine-grained 
sands which occur in the clay layer contain only 
little augite or are free from it, whereas saus- 
surite is present, although in smaller quantities 
than in the coarse-grained sands. Augite was de- 
posited here prior to the deposition of the Hol- 
stein clay and peat layer, and Quitzow (1956) 
classifies these sands in the „mittlere Mittelter- 
rasse” or „ Rinnenterrasse”. 

The occurrence of augite in Needian and pre- 
Needian deposits in the Northeast Polder area 
has therefore a counterpart in the occurrence in 
the pre-Holstein deposits in western Germany. 

The mineralogical composition of older Plei- 
stocene sands in which the volcanic minerals 
(especially augite) with percentages of 0-3% 
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play a very subordinate role, and the occurrence 
of overlying interglacial clay and peat layers thus 
support the idea of a stratigraphical correlation 
_ of the German Holstein and the Dutch Needian. 
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DISCUSSION 


Brückner’s Riss-Würm interglacial. This is connected 
with the question which moraine was originally iden- 
tified as Riss by Penck and Brückner. As long as this 
problem has not been solved it seems better to me to 
use the North German subdivision instead of the 
alpine one, 
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LATE-GLACIAL HUMAN CULTURES IN THE NETHERLANDS 
C. ©. W. J. HIJSZELER 


A division of the Glacial Epoch may be based 
on geomorphology or paleontology. Considering 
the great difficulties in dividing the Glacial 
Epoch geomorphologically Van der Vlerk and 
Florschütz (1950) preferred the latter basis. Fol- 
lowing up this point of view, we shall first of 
all have to establish the meaning of the term 
Late-glacial. Van der Hammen (1951) gave the 
following definition: The Late-glacial is the 
period at the end of the Tubantien (— Würm- 
or Weichsel-glacial), which after the immedia- 
tely preceding cold, begins with the first signs 
of improvement of the climate and ends when 
the ultimate improvement of the climate begins. 
The establishment of the boundary between the 
Peri-glacial and the Late-glacial, which over a 
large area is approximately synchronous, can 
according to Van der Hammen only be based 
on the changes in the relations of floral-com- 
ponents already present. For when a treeless arctic 
vegetation (with Betula nana) merges into a sub- 
atctic park-landscape the appearance of the first 
gteat birches cannot be used as a boundary, be- 
cause the time between an improvement of the 
climate and the immigration of birches may dif- 
fer in different areas. Therefore it is necessary 
to look in the pollen diagrams for an indication 
of a climatic improvement situated below the 
point where the great birches appear for the first 
time. Now Van der Hammen bases the boundary, 
which is approximately synchronous, on the 
presence of the Artemisia, which is low in the 
Pleni-glacial but which rises further on. Thus 
this boundary is put by him where the Artimisia- 
curve begins to rise. This rise occurs in zone Ia 
(Iversen) of the Oldest Tundra phase. On the 
strength of this Van der Hammen has added the 
upper part of zone Ia to the Bolling phase and 
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the lower part of zone Ia to the Pleni-glacial. In 
doing so he disposes of the whole of the Oldest 
Tundra phase and thus puts the beginning of 
the Late-glacial at the boundary between the 
Pleni-glacial and the Balling. 

According to Van der Hammen the boundary 
between the Late-glacial and the Holocene in the 
Netherlands is there where the park-landscape 
of the Early Tundra phase merges into fir or 
birch forests. In the pollen diagrams this may 
be shown by a general, rather strong descent of 
the non-treepollen curve. 

During the Late-glacial in Northwestern 
Europe the following culture groups may be 
distinguished which differ in contents and shape: 
l. The Hamburg group. — As for the flint 
artefacts this group is characterized by so-called 
„Zinken” and „Kerbspitzen”. Besides these, ob- 
jects appeared made of antlers and bone. The 
fauna found in the classical site of Meiendorf 
consisted for the greater part of reindeer. More- 
over, remains have been found of wild horses, 
pole foxes, wolverines, ptarmigans, geese, swans 
and cranes. 


On the strength of the resemblances in objects 
and especially in ornamentation (naturalistic and 
ornamental style), it has been assumed that the 
bearers of this culture penetrated Northwestern 
Europe from the loess and moraine area in the 
east and southeast. As appears from pollenana- 
lytic examination they settled down near the 
border of the land-ice during the treeless time of 
the Oldest Tundra phase, to hunt reindeer. Some 
ground-plans of tents found (Ahrensburg-Bor- 
neck I and Ahrensburg-Poggenwisch) indicate 
that these reindeer hunters lived in movable dwel- 
lings. The use of tents reflects in general the 
mobile manner of life, determined by hunting, 
of these young paleolithic inhabitants of this 


region. From the growing stage of the antlers of 
the dead reindeer, and from the fact that no skulls 
with the antlers shed have been found, the con- 
clusion has been drawn that these reindeer hun- 
ters lived there only during the summer months. 
During the winter months they probably with- 


‚ drew to the coastal regions of the now submerged 


part of the southern North Sea. For besides the 
dense range in Northwestern Germany we find 
a similar range in the province of Friesland (the 
Netherlands). As follows below we distinguish 
an older and a younger Hamburg culture: Ham- 


burg I and II. The former is supposed to run 
‚ parallel to the Magdalenian III-IV in France, the 


latter to the Magdalenian IV-V. 


2. The Bromme culture. — The characteristics 
of this culture are great „Stielspitzen” of the 
Lyngby-type. As for the fauna, elk predominates 
over reindeer. In addition some horses, beavers 
and swans have been found. The bearers of this 
culture are supposed to have come from the east 
and to have ultimately settled down in Denmark 
by the borders of the land-ice. The pollenanaly- 
tical examination has proved that this culture be- 
lcngs to the Allerad phase. So far it has not 
yet been found in the Netherlands. 


3. The Ahrensburg group. — This culture is 
characterized by  4„Stielspitzen”, Zonhoven- 
„Spitzen” and broad, great blades of flint. Apart 
from these, Lyngbyaxes and harpoons with heart- 
shaped feet are important. As for the fauna the 
reindeer predominates again. Besides, the remains 
were found of beaver, elk, etc. However, com- 
pared to the reindeer, these take a very small 
place. The bearers of this culture, whose artistic 


expression, judging from the decorations on the 


finds, is ornamental (geometric), are supposed to 
have come from the east. It appears that we have 
bere a number of isolated groups, whose mutual 
differences come to the fore when we compare 
the artefacts. For example, the Lavenstedt cul- 
ture forms the inheritance of such a group. One 
of the sites, i.e. the site of Stellmoor, could be 
dated pollenanalytically: at the beginning of the 
third part of the Young Tundra phase. As ap- 
pears from a find at Ahrensburg they lived in 
tents. There, too, from the growing-stage of the 
antlers and from the fact that no skulls with cast 
antlers have been found, it could be concluded 
that they only dwelled here during the summer 
(see belcw). The absolute age of this culture has 
been fixed at full 10255 years (before the pre- 
sent). Concerning the extension of this group we 
can distinguish two centres: (1) the surroundings 
of Hamburg (Germany), (2) southeast Brabant 
and the adjoining area of Limburg (the Nether- 
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lands). We shall refer to this later on. 


4. The Magdalenian group. — Besides the 
groups already briefly referred to, Schwabedissen 
has, during the last few years, in Northwestern- 
Germany been able to determine a great number 
of sites :as belonging to the Upper-magdalenian 
(Magdalenian VI). The group, called by him 
„Die Federmesser-Gruppen” is now generally in- 
dicated by the name, given by Bohmers, of the 
Tjonge group, after the river Tjonge in Fries- 
land (the Netherlands). This very name implies 
that in the Netherlands too (and that for the 
first time) numerous sites of this group have 
been found. Its characteristics are Gravette bla- 
des, cutting-implements with steeply touched up 
backs, etc. 


By far the greater part of these finds, how- 
ever, consists of surface-finds, which Schwabe- 
dissen only typologically divided in different 
groups and dated in the Allerad. On the strength 
of this dating the conclusion has been drawn that 
the bearers of this culture left their cave-dwel- 
lings in France, as a consequence of the climatic 
improvement, and spread over Northwestern 
Europe. In the last few years, however, two sites 
have been found, which could be dated pollenana- 
Iytically, while in the case of one of them its abso- 
lute age could be fixed with the aid of the C 14 
method. We mean the sites of Ahrensburg-Bor- 
neck (IH) (Germany) by Rust and the Usseler- 
veen (the Netherlands) by Hijszeler. As for the 
first site, besides the flint artefacts that, as far as 
publications go, consist of Gravette blades, shaft 
scrapers retouched all round, etc., remains have 
been found of reindeer and elk. Pollenanalysis 
has shown that the layer, in which one of these 
Magdalenian cultures was situated, belongs to the 
transition from Allerad to Young Tundra phase. 
That the Tjonge group is older than that of 
Arensburg stratigraphically also appears from 
two sites, i.e. at Rissen near Hamburg (Germany) 
(Schwabedissen) and at Leende-Geldrop (the 
Netherlands) (Friar Aquilas Wouters), where 
the charcoal-containing white sand layer with 
flint artefacts, which also belongs to the Tjonge 
group, was situated under the Ahrensburg-culture 
layer. The two culture layers of the latter site 
have been dated by means of the C !* method 
(see below). To one of the Magdalenian cultures 
at Ahrensburg-Borneck (II) also belonged the 
ground-plan of a tent, which is much greater and 
much more complicated than the above-men- 
tioned plan of Ahrensburg-Borneck (I) and 
Ahrensburg-Poggenwisch. The whole situation 
indicates a winter dwelling. However, the 
ground-plan of a tent found in the above-men- 
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tioned site of Rissen, and the ground-traces of 
a tent, found in the Usselerveen (the Netherlands) 
(see below), indicate a summer dwelling. Appa- 
rently the climate was such that dwelling in this 
area was possible all the year round. 

We think we should expatiate on the second 
site somewhat longer as, from an archaeological 
as well as geological point of view, it has brought 
to light important facts. The Usselerveen was 
originally a peat soil and bog region, from which 
hill-ridges projected like islands and peninsulae. 
One of the latter consists even now as a rather 
high, wide hill-ridge running north-south, which 
forms part of a coversand region. This ridge is 


Fig. 1. The charcoal containing white sand layer 


about 800 metres long and rises in the above- 
mentioned direction from 34.40 to 35.00 m above 
N.A.P. From the low area in the west this ridge 
tises very gradually in easternly direction and 
descends on the eastern side rather steeply to 
the low area again. Its shape shows that it came 
into existence under aeolic influences, namely 
by westerly winds. Against the eastern side of the 
scuthern part of this hill-ridge, immediately be- 
side the spot of the investigations, is a more or 
less elongated, overgrown „basin”. This „basin” 


stretched in former times, as appears from the 
ınvestigations, a little more to the west, i.e. partly 
under the present hill-ridge. The hill-ridge must 
originally have been situated along a cut-off 
branch of a brook, in which deposition of lake- 
sediments took, place. 

At some depth below the present land surface 
we found in the upper set of sand layers a layer 
0.10-0.15 m in depth, which is characterized by 
its white colour and by accumulations of char- 
coal, or rather by dispersed great and small bits 
of charcoal (Pinus) (fig. 1) ?. Consequently by 
means of these two characteristics this layer can 
immediately be distinguished from the sand layer 


(layer of finds, at the same time the old surface). 


above and beneath it. Besides, this layer every- 
where showed another peculiarity. From this layer 
wormlike outgrowths ascended as well as des- 
cended, not returning to the layer. Occasionally it 
occurred that these were completely or partly 
enclosed in the layer itself. The outgrowths in 
upward direction indicate that they originated 
after this layer was covered by wind-blown sand 


2 This layer may also have developed as a 
bleached white horizon, so without charcoal and 
finger-shaped outgrowths. 


I 
b 


| (in the Young Tundra phase) (see below). So 
they are secondary, but yet they give this layer a 
very particular character (fig. 2). In this layer 
there were numerous artefacts of flint. In the 
course of some five years of investigations a N-S 
cross-section of about 125 m was made through 
this hill-ridge. It went more or less through the 
end of the overgrown „basin” already mentioned 
above. This profile showed that the white sand 
layer interspersed with charcoal (the old dwel- 
ling surface) wedged out in westerly direction 
“ and that from west to east it ran practically pa- 
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hill-ridge a pool existed or a dead branch of a 
brook. At the extreme eastern part of this profile 
organogene lake deposits were formed, interca- 
lated with layers of sand, which deposits were 
bedded like scales and which thus, as it were, 
„withdrew” to the east. After the point of con- 
tact with the detritus-gyttja layer the upper part 
of the layer of finds was immediately on its top, 
for a length of about 1 m, after that ascended a 
little, to be split into two at about 20 m from 
the point of contact. Owing to the large per- 
centage of moisture, it could not be established 


Fig. 2. The white sand layer with its finger shaped outgrowths. 


rallel to the present soil surface. This layer too 
dipped in the east more or less steeply and 
ultimately touched a detritus-gyttja layer. Conse- 
quently the fact that this charcoal containing 
white sand layer runs parallel to the present soil 
surface shows, that the primary hill-ridge, at the 
time when this layer still constituted the old 
surface, was also influenced by westerly winds. 
The detritus-gyttja layer was about 0.55-2.75 m 
below the present land surface. It extended over 
a distance of about 35 m, it wäs about 0.35 m 
deep, partly cryoturbate and besides sandless. 
Apparently at the base of the eastern slope of the 


whether the charcoal containing white sand layer 
enclosed the detritus-gyttja layer, as it were. This 
fact could afterwards be established in the val- 
ley-profiles I and II (see below). The above- 
mentioned offshoots could be seen to continue 
in the sand layers between the organogene lake 
deposits (fig. 3). From these facts the conclusion 
may be drawn that before and during the human 
occupation of the hill-ridge (as well as after- 
wards) some sand drifts occurred in easterly di- 
rection, due to which close along the bank the 
formation of peat stopped, but more to the east 
the organogene deposition continued. Thus on 
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Fig. 3. Section of the hill ridge. 


that spot appeared an alternation of partly char- 
coal containing layers and layers of organogene 
material. So the pool became smaller and smal- 
ler. Only after the formation of the layer of 
finds everything was covered-up by a very thick 
layer of coversand (in the Young Tundra phase) 
(see below), the pool thus getting entirely enclos- 
ed, as it were, in the hill-ridge that had already 
been there before. 

Now, the uninterrupted detritus-gyttja layer 
was, according to the pollenanalytic examination, 
deposited in the Allergd phase, while a great 
part of the organic material on its top belongs 
to the latter part of the Allergd phase. The very 
topmost layers, however, were deposited in the 
beginning of the Young Tundra phase. Thus 
the upper partofthischarcoal- 
containing whitesandlayer 
withitsbrancheshas been dated, 
ein thelatter-parnbrı ne 
Allerad and the very first be 
ginning ofthe Young Tundra 
phase (fig. 4). This date was afterwards borne 
out by the pollenanalysis in other sites (see be- 
low). Under the detritus-gyttja layer mentioned 
above, followed sandy and loam-containing de- 
posits, in which, however, one layer was clearly 
visible. It contained less sand, whereas in some 
places a rather high quantity of organogene ma- 
terial was found. This layer was deposited during 
the Belling phase. 


At about 700 m from the spot of the syste- 
matic investigations was a large sand-pit. It was 
situated on the northern slope of the hill-ridge. 
There too, the charcoal containing white sand- 
layer re-appeared without interruptions over a 
distance of a few hundred metres. It showed 
entirely the same picture. At a certain point the 
slowly descending layer plunged down, to ascend 
again a little further on at an opposite incline. It 
next continued its course in northerly direction in 
a long, waving, slowly descending line.: When the 
profile, after deepening, had been cleaned, it ap- 
peared that on that spot we had cut into a small 
fossil valley (a cut-off brook bed), which showed 
two layers running parallel, one on top of the 
other, showing a valley-shaped course and con- 
sisting of organogene material. In 1955 a second 
profile was made at a distance of about 15 m 
and parallel to the first profile. Though both 
profiles were exactly alike, the organogene layers 
were much better and much more clearly de- 
veloped in the latter profile. In the first valley- 
profile the charcoal from the charcoal containing 
white sand layer could be followed in the upper 
peat-layer as an uninterrupted charcoal layer (fig. 
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Fig. 5. Valley section. 


5). It proved to have the same age as the char- 
coal-layer from the profile already discussed (late 
Allerad) (also see below). In both valley-profiles 
iv could clearly be seen that the ends of the 
upper peat layer were, as it were, wedged-in in 
the charcoal containing white sand layer. The 
layer, situated under the bottommost depressions, 
consisted of greyish green sand with horizontal 
lamination. The layer between the two depres- 
sions showed a rhythmic alternation of sand and 
moss layers. These ran parallel not only mutually 
but also with respect to the two valley-shaped 
depressions. The upper depressions were covered 


Fig. 6. Valley section. 


by a thick layer of coversand (fig. 6). Owing to 
this unique discovery we once more were in a 
position to date pollenanalytically the two layers 
independently of the first find, and to com- 
pare the results with those obtained from the 
profile already mentioned above. This second 
determination completely confirmed the earlier 
results, as the lower peat layer here, too, proved 
to have been deposited during the Bolling phase, 
the topmost layer during the Allerad phase and 
the very first beginning of the Young Tundra 
phase. So both valley-profiles yielded the follow- 
ing dates in upward direction: Oldest Tundra 
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phase (V), Bolling phase (IV), Old Tundra 
phase (III), Allerad phase (II) and Young Tun- 
dra phase (I) (fig. 5 and 6). Moreover from the 
valley profiles I and II it appeared that the char- 
coal containing white sand layer (the old land 
surface) represents the whole Allerod phase. 

Among the artefacts there are „Zinken”, „Kerb- 
spitzen”, so-called Kremser- or Font-Yves-heads, 
Gravette blades, scrapers, etc. These flint objects 
have been found in two kinds of workshops: 
(1) workshops that were enclosed, as it were, 

in the height of the layer itself; 
(2) workshops that had a diameter of about I m. 
and a depth of about 0.90 m. 

These latter workshops fortunately were on 
the very spots where the profiles had remained. 
Thus we could repeatedly establish the fact that 
these workshops clung, as it were, to the char- 
coal containing white sand layer, or, rather, 
started from it. 

From this we may conclude that these 
wao.cckah o.pstawit bitch aruefacts 
foend in them,.andıthe charcoal 
conitasn Lalsiwhiteisand layer are 
Oiat,.bteusiaum ewgaloe 


We mentioned above that the valley profiles 
I and U indicated that the charcoal containing 
white sand layer represents the whole Allerod 
phase. Probably the workshops with their con- 
tents may be dated even more carefully by what 
follows. In the pit-shaped workshops much char- 
coal was found from the charcoal containing 
white sand layer. The charcoal layer in the large 
hill-profile as well as in the valley-profile I has 
been dated at the end of the Allerad phase. From 
this the conclusion might be drawn that the 
workshops with their contents are of the same 
age. In other word: Thehuman oc 
capaszion,ofthehslleriage ne 
gandn therlartterparktipierhe 
Allerad phase and went on in- 
gerzupted oftnogerihernertiret 
beginningofthe Young Tundra 
phase. The discovery of two converging holes 
of poles to the left and to the right of one of the 
workshops, which also emerged from the char- 
coal containing white sand layer, indicates that 
these people lived in tents. The fireplace was 
outside this ground-plan. This indicates a sum- 
mer dwelling. The situation at Ahrensburg-Bor- 
neck (II) (see above), at Rissen (Germany) and 
at Usselo (the Netherlands) indicate that the 
makers of the artefacts could live in these regions 
in summer as well as in winter. 


We now know that the charcoal containing 
white sand layer is found in the Netherlands, in 


Belgium and Northwestern Germany. Undoubted- 

lv it may be found in other countries too. 

As for the stratigraphic situation of this layer, 
ip numerous exposures two sets of sand layers 
could be distinguished, one on top of the other, 
whose dividing-kevel as a rule was rather clearly 
discernible: 

(a) the upper, clearly laminated set usually con- 
sits of coarser sand than the lower set of 
layers. The former is characterized by the 
fact that between the sand layers there are 
others, consisting of coarser sand grains, or 
very fine gravel. 

(b) the lower set consists of an alternation of 
layers of „loamy” sand with layers containing 
less fine material; they show a peculıar, 
rather horizontal lamination. 

In these sands two levels could be distin- 
guished: 

(1) the dividing-level between the sets or layers 
briefly discribed in the preceding lines 
(young coversand on top, old coversand be- 
low); 

(2) the white sand layer, situated in (a) at some 
depth under the surface and described al- 
ready as characterized by accumulations of 
charcoal and by finger-shaped outgrowths. 

Nowowingto particularly 
favourable circumstances, near 
Usselo level I (so the boundary 
between the young and the old 
coversand) could be dated pol- 
lenanalytically” ie  Beolliise 
phase and level IT AIG 
phase It often happenszenez 
the two levels coincide thus 
forming the partition between 
the young and the old cover 
sands. Has, howe vier was ach 
the case near Usselo ıcsesg 
sand been deposited berween 
Boelling and Allersdophase® 
then the Boallın iormegsne 
boundarybetweenthe two le 
vels.„Tihre, s an.dsi.nybier weienznn 
that caseihas been.de poste 
in.the old Tundraphase 

As further proof that all these charcoal con- 
taining white sand layers are synchronous it may 
be stated: 


(1) that the appearance of all these layers is 
quite the same, 

(2) that the stratigraphy is the same in all sites, 

(3) that from numerous sites samples of char- 
coal were taken, which always appeared to 
come from Pinns, which is in agreement 


with the results of the examination of the 
charcoal originating from the artefacts con- 
taining layer in Usselo and also with the 
presence of Pinzs in the shape of treetrunks 
charred on one side and fircones in the top- 
layer of the Allerod set of layers in the fossil 
little valley in Usselo (in the basis of this 
same layer we found again and again Betula), 
(4) that in a profile of two other sites (Amers- 
foort and Uchelen, the Netherlands) a peat 
layer was found which was immediately 
overlying a sand layer, which had completely 
the same characteristics as the charcoal con- 
taining white sand layer in Usselo; the re- 
sults of the examination of the peat are in 
complete agreement with those of Usselo, 

(5) that in several places in the Netherlands, 
Belgium (Lommel) and Germany (Rissen) 
in the charcoal containing white sand layer 
artefacts have been found in the shape of 
flint artefacts that are completely analogous 
to those from Usselo; they all belong to the 
Tjonge group, 

(6) that the absolute age of charcoal samples, 
drawn from some seven comparatively 
distant localities in the Netherlands, where 
this charcoal containing white sand layer 
is present, corresponds with what has been 
said. 

Summing up, we can say that, in our opinion, 
we have here an old soil surface, found for the 
first time in Usselo (the Netherlands), and now 
completely covered by sand, with its reliefs and 
relicts, which has afterwards been encountered 
again in numerous places in the coversand region 
of the Netherlands as well as in Germany and 
Belgium. Duetovery favourable conditions it could 
be established that this old soil surface represents 
the whole Allerod phase. As this layer was dis- 
covered first in Usselo, we named it the 
tayerof Usselo Fromanarchae- 
ologicaland geological point 
Sf view this layer has become 
aguiding horizon. It represents the 
land facies of the Allergd phase, while the de- 
tritus-gyttja layer reflects the aqueous facies of 
that phase. Just as in many other places the Al- 
lerod peat layers in the Usselerveen were free 
from sand. This indicates a stationary phase in 
the deposition of the young coversand. Finally, 
in this layer several workshops with flint artefacts 
were found, the date of which could be fixed as 
Young-Paleolithic (Magdalenian VI) and from 
the point of view of climate they could be said 
to belong to the latter part of the Allerod and 
the very first beginning of the Young Tundra 
phase. 
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In order to fix its absolute age according to the 
C!* method samples were taken from the pro- 
file of the fossil little valley II from the Allerod 
peat layer, i.e. from the layer that is in contact 
with the charcoal containing white sand layer 
with its numerous flint artefacts, from the top 
as well as from a part about 5 cm above its 
base. Prof. de Vries (Groningen) has fixed the 
following dates: 

(a) top Allerod 
(b) ca. 5 cm over the base 
of the Allerad 11600 + 95 (GRO 969) 

Samples were also drawn from the top and 
from the base of the Bolling peat layer. Con- 
cerning these de Vries found the following dates: 


(c) top Belling ° 11825 + 120 (GRO 926) 
(d) base Bolling 12300 # 170 (GRO 1104) 


A sample drawn just below the base of the 
Bolling has been given the date of 12320 + 
120 (GRO 935). As we have said before, the 
Bolling forms the division between the Old and 
the Young coversand. By means of the C !4 
method we got the date fixed of the end and 
of the beginning of the deposition of the Old 
resp. the Young coversands. 

From the absolute dates (b) and (c) it would 
fellow that, compared to the Allerad and the 
Belling phase, the Old Tundra phase lasted only 
a short time. 

Samples of charcoal were drawn from the Us- 
selo layer to fix its absolute age at a number of 
other localities in this country (rather distant 
from each other), for a comparison with the type 
locality near Usselo. The following dates were 
obtained: 


11065 # 120 (GRO 925) 


Crailo Bridge 10660 & 90 (GRO 920) 
Velsen 10365 + 200 (GRO 646) 
Uchelen I 10770 + 120 (GRO 907) 
Uchelen II 10555 + 130 (GRO 937) 
Deelen 11025 + 120 (GRO 909) 
Leende-Geldrop I 10950 + 300 (GRO 498) 
Leende-Geldrop II 11020 + 230 (GRO 603) 
Lemele 11230 #& 400 (GRO 647) 
Horn-Halen 11000 + 320 (GRO 490) 


These dates, which mutually do not differ 
much, are for the greater part lower than those 
of the top of the Allerod in the valley profile II. 
We have said already that this Allerad peat 
layer wedges out into the charcoal containing 
white sand layer. So it is very plausible that the 
Allerod peat layer in that spot has not been able 
to develop further, because sand was deposited 
on it by the wind, this having stopped the for- 
mation of peat. 

In 1951 Prof. Florschütz, Dr. Crommelin and 
Dr. van der Hammen have drawn samples from 
the systematic excavation in the Usselerveen. The 
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The 


Climate Periods 


le 
2. 


HOLOCENE 


Praeboreal 


Netherlands 


Vegetation 


The Netherlands, Northwestern 


France 


Germany, Denmark 


Human Cultures 


England 


Birch-pine forests. 

At some time the first 
hazeltree and other woody 
vegetation sensitive to a 
milder climate, such as 
alder, elm, lime and oak. 


Bornwisch 


Pinnberg I 


LATE-GLACIAL OR UPPER TUBANTIAN 


Young Tundra or 
fifth phase 
(rather cold) 


Park-landscape with birches 
and in general fewer fir: 
and willows 


Allerod or fourth 
phase 
(a little milder) 


Birch-pine forests 


Birch forests 


Old Tundra 
or third phase 
(rather cold) 


Parklandscape with birches 
and in general fewer firs 
and willows 


Bolling 
or second phase 
(a little milder) 


Open birch and pine fo- 
rests with few firs and 
willows 


Oldest Tundra 
or first phase 
(rather cold) 


Parklandscape with birches 
and in general fewer firs 
and willows 


Ahrensburg = 
Ahrensburg = 


Stellmoor 
Leende-Geldrop 


—— Ahrensburg-Borneck II —— 


Bromme, Usselo, Rissen 


ueruspepseW 


Hamburg I 


Hamburg II = 


= Meiendorf 


Ahrensburg-Pog- 


genwisch 


uerfjpAsal) 


Usselo 


Dates from H. Gross (1956). 
Site of Leende-Geldrop II (the Netherlands) by Friar Aquilas Wouters. 
top, Tjonge culture layer below. See Brabants Heem, IX, 1957, nr. 1. 


Ahrensburg culture layer on 


zn 


Radiocarbon dates (before present) 


Radiocarbon dates 
(before present) 


IE 
j 
j 
i 
| 
5 + id ; 
9720 + 85 (GRO 1059) 2 Crailo Bridge 10660 # 90 (GRO 920) 3 
Uchelen a 10770 + 120 (GRO 907) 
A Uchelen b 105552:221307 (GR 02937) 
NEE Teak 10880 + 160 (Y-139-2) 
Samples of [eende- 
a, Geldrop a 10950 + 300 (GRO 498) 
on Leende- 
= Usseloe “Geldrop b 11020 + 230 (GRO 603) 2 
ae Velsen 10365 + 200 (GRO 646) 
‚600 3 95 (GRO 669) —— Lemele 11230 + 400 (GRO 647) 
Deelen 11025 + 120 (GRO 909) 3 
Horn-Halen 11000 + 320 (GRO 498) 4 
Rissen (D.) 11450 + 180 (H 75/68) 5 
235 + 120 (GRO 926) —— 
2300 + 100 (GRO 1104) 
000 + 370 (H 136/116) 5 


Dates from G. C. Maarleveld (1956). 
Dates from H. T. Waterbolk. 
Dates from H. Schwabedissen. 
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examination of these samples took place in the 

Geochronometric Laboratory, Yale University 

(New Haven). Via Dr. Crommelin we received 

the following dates from Dr. Deevey: 

Usselo layer (charcoal layers at the top of the 
Allerod) 10880 + 160 (Y-139-2). This dating 
of the charcoal from the Usselo layer itself agrees 
with the de Vries’ date. 

However, we should immediately add: 

(1) that a sample from the Young Tundra phase, 
though younger than the Usselo layer, has 
been dated at 11350 + 180 (Y-139-3), 

(2) that a sample from the base of the Allerod 
was dated at 12500 + 180 (Y-139-1). This 
age is much too high. For this dating the 
base of the Bolling should be taken (see de 
Vries’ dating of the Belling). 

As mentioned before, at Leende-Geldrop (II) 
two culture layers one on top of the other, were 
found by Friar Aquilas Wouters. These were a 
top, or Ahrensburg, culture layer and a bottom, 
or Tjonge, culture layer. The age of the charcoal 
from the lower layer was fixed by de Vries at 
11020 + 230 (GRO 603), the age of the char- 
coal from the upper layer at 10720 + 85 (GRO 
1059). 

As far as we know it was Schwantes, who first 
brought to the fore a close relationship between 
the Hamburg and the Ahrensburg group, on the 
strength of a comparison of the „Kerbspitz” to 
the „Stielspitz”. After him Schwabedissen could 
with the aid of certain intermediate forms make 
it very acceptable that the „Stielspitz” must have 
developed from the „Kerbspitz” and that thus 
the Ahrensburg group stands in close relationship 
to the Hamburg group, indeed, that taken in ge- 
neral, it derives from the latter. This relation is 
confirmed by various other facts. His findings 
automatically make him distinguish three phases 
in the Hamburg group: Hamburg I, II and II. 
Among the artefacts found in the Netherlands 
the same intermediate forms have been recorded. 
Thus now we distinguish on purely typological 
grounds: Hamburg I (Meiendorf, Germany, Ure- 
terp, the Netherlands, etc.), Hamburg II (Pen- 
nenmoor near Cuxhaven, Germany, etc.) and 
Hamburg III (Dörgener Moor near Meppen, 
Germany; Holtingerzand near Havelte, the Ne- 
therlands (Havelter type). Pennenmoor and 
Dörgen both have the classic „Zinken” and 
„Kerbspitzen”. At Dörgen however, there are 
„Zinken” the shapes of which are somewhat 
degenerated. As for the „Kerbspitzen”, in both 
sites beside the classic forms occur others, which 
at Dörgen even more than at Pennenmoor may 
be considered as transitional types to the ‚Stiel- 


spitzen” of Ahrensburg. For with some Pennen- 
moor „Kerbspitzen”, at the side opposite to the 
main notch two more smaller notches, one under 
the other, have been made, which in the case of 
those of Dörgen and Havelte merged, as it were, 
into one great one. In other words a shaft was 
produced. The absence of scrapers with retouched 
borders and the presence of a round scraper in- 
dicate that Dörger is younger than Meiendorf 
and probably even younger than Pennenmoor, 
where there are still scrapers with retouch- 
ed borders but where round scrapers are 
lacking. These scrapers are again particu- 
larly characteristic of the Ahrensburg group. 
In Havelte there are still „Zinken” and 
„Kerbspitzen” besides the „Stielspitzen”. Thus 
one is inclined to consider the Ahrensburg group 
as the last phase of the Hamburg group. As we 
shall see, this subdivision of the Hamburg group, 
recognized on the typological development, is 
confirmed by other facts (site of Ahrensburg- 
Poggenwisch). But yet we should not lose sight 
of the fact that between the Hamburg and the 
Ahrensburg group there is a large space of time, 
which has only been spanned for a small part. 
When, on the other hand, one wants to deny a 
development of the Ahrensburg group from the 
Hamburg group on a difference in style, we 
have to direct attention to that large space of 
time again. It is quite possible that there were 
phases of development which at the moment are 
still unknown. 


If in the modern styles of art various links 
should be lacking, it would be difficult, indeed 
even impossible, to follow the development of 
a certain style from one moment to another. In 
such a case we should deny a connection that 
has certainly existed. What is known of the styles 
of art of the Bolling and the ensuing Old Tundra 
phase? This is still a vacuum. 


In the last few years two sites have been dis- 
covered with flint artefacts typologically younger 
than the Meiendorf and Stellmoor cultures. We 
mean the sites of Ahrensburg-Borneck (II) (Rust) 
and of- Grömitz (Brückner). The flint-manu- 
facturing industry of Ahrensburg-Borneck is 
characterized a.o. by a predominance of blade- 
shaped scrapers with retouched borders all round 
cver the partly degenerated „Zinken”. The bor- 
ders of these scrapers, however, have been re- 
touched only partly. „Kerbspitzen” too compara- 
tively sparcely occur, some of which show the 
above-mentioned sidelong notch at the side op- 
posite the main notch. Rust thinks that these 
artefacts belong to a younger phase of the Ham- 
burg culture, although a correct dating by means 


of pollenanalysis or radiocarbon has as yet not 

been possible. 

Brückner has found artefacts typologically si- 
mular to those of Ahrensburg-Poggenwisch near 
Grömitz in Schleswig-Holstein (at the Lübeck- 
Bend, south of Heiligenhafen) in an almost per- 
pendicular wall of‘a boulder clay, 4-4.80 m deep. 
According to Schütrumpf these artefacts must 
have been carried to this spot from an unknown 
site, probably situated more to the north, by the 
land-ice. If this view is right, this glaciation 
should have taken place at the earliest during, or 
more probably, after the time of the settlement of 
Ahrensburg-Poggenwisch. As Schmitz found un- 
disturbed depositions from the Bolling phase near 
Travemünde and Heiligenhafen, which have not 
been covered by the ice afterwards, the boulder 
clay of Grömitz consequently must be older than 
the Bolling. : 

Whether a division on purely typological 
grounds is right, should be confirmed by: 

(1) the mutual stratigraphic situation of the 
finds; it is then essential that the artefacts 
should occur in one and the same profile, 

(2) the nature of the material of bones and 
antlers found near the artefacts, 

(3) pollenanalysis of the layer in which the arte- 
facts are situated, 

(4) the absolute radiocarbon dates of the cul- 
ture layer. 

As for (3) and (4) the results of the archae- 
ological examination at Ahrensburg-Poggenwisch 
by Rust have proved that, at least with regard 
to the Hamburg culture, a division into Hamburg 
I and II is right, for according to Rust, the arte- 
facts from this culture layer belong, typologically 
speaking, to a younger phase of the Hamburg 
culture. This is confirmed by pollenanalysis of 
the gyttja layer by Schütrumpf, who showed that 
this deposit belongs to zone Ia of Iversen, i.e. 
in the time of the treeiess tundra. The non- 
treepollen sum, however, is lower than at the 
time of the Hamburg group of Meiendorf and 
Stellmoor. On the other hand this culture layer 
is again older than the Belling time. This diffe- 
rence in age is confirmed by two samples exa- 
mined of a man’s head cut from antlers. The 
absolute age of this Hamburg II culture has been 
recently fixed by means of the C1# method at 
13000 + 370 years. So owing to this dating the 
space of time between the Hamburg II culture 
and the basis of the Balling is smaller than was 
originally thought. 

Finally a word about the mixed cultures. As 
we have said before, among the Usselo finds 
are „Zinken” and „Kerbspitzen”, guiding arte- 


299 
facts ‚of the Hamburg group. In our opinion the 
only explanation possible is that the outliers of 
the last group and the Tjonge group (Magda- 
lenian VI) must have touched. So here we may 
speak of a so-called mixed culture. Hamburg II 
has been dated pollenanalytically and by means 
of the C 14 method (see above). But, as we have 
seen before, between this subperiod and the 
Tjonge group there is a very large space of 
time, which as yet has not been spanned. So we 
shall have to wait and see whether the Hamburg 
group may be divided into more subgroups than 
are known up till now. Bohmers has also dis- 
covered a site in the Netherlands which has pro- 
duced artefacts of the Hamburg group as well 
as of the Magdalenian group. Abroad, too, some 
sites have become known that indicate such a 
contact. According to Rust such a mixed culture 
is present at Grande (Holstein) (Creswellian?). 
But this site, which, for that matter, has produced 
more periods, has not yet been fully investigated. 

Besides a certain contact between the Ham- 
burg and the Tjonge group, we see in later times 
an influence of the Magdalenian on the Ahrens- 
burg group, which a.o. is clearly visible in a site 
also situated near Ahrensburg-Borneck. Besides 
the „Stielspitzen” characteristic of the Ahrens- 
burg group Gravette blades are present there, a 
culture as also found in the caves of Hohlestein 
near Callenhardt (Germany). This mixed culture 
has been dated pollenanalytically in the middle 
of the Young Tundra phase. According to an 
oral information by Friar Aquilas Wouters such 
a mixed culture has been found in the Nether- 
lands near Vessem. We have indicated already 
two centres of dispersion: surroundings of Ham- 
burg (Germany), and southeast Brabant and the 
adjoining area of Limburg (the Netherlands). Ta- 
king into account the mixed culture of Ves- 
sem, this might indicate that the bearers of the 
Ahrensburg culture went south in winter time, 


We have said already that the Hamburg group 
(Hamburg I) is sometimes put beside the Magda- 
lenian group II/IV and the Tjonge group be- 
side the Magdalenian VI in France. It is parti- 
cularly the simultaneity of the two former cul- 
tures which is not yet well established. The 
C 14 dates of the Magdalenian group in France 
recently published, give but little support. In 
order to ascertain this, it is essential that this 
Magdalenian with its subdivisions, should be 
dated pollenanalytically as well as absolutely in 
several places. Only then parallelization is pos- 
sible. The same holds good for the Magdalenian 
in England, which is known as the Creswellian. 
This culture has old as well as young features. 
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Owing to the discovery of harpoons the age is 
put on a level with Magdalenian VI. As the 
Creswellian and the Magdalenian, with regard to 
the flint artefacts, agree much in Northwestern 
Europe, it is of great importance that also the 
Cıeswellian should be dated pollenanalytically as 
well as absolutely. 

We have given here a brief survey of the 
cultures that up till now have become known 
in Northwestern Germany and in the Nether- 
lands, of which, in the case of some of them, 
the conditions were favourable for a pollenana- 
Iytical and absolute dating. Yet the number of 
these dates, compared to the great number of 
sites that did not offer this opportunity, or which 
only consist of surface finds, is still very small. 
Besides, various essential links are lacking. For 
we had said in the preceding article, that nothing 
is yet known about the cultures that possibly 


belong to the Belling and the ensuing Old 
Tundra phase. If the absolute dates of the base 
of the Bolling peat layer in the Usselerveen by 
De Vries and that of Hamburg II are correct, 
what is the age of Hamburg III? And are there 
any more links between Hamburg III and the 
Ahrensburg group? In Northwestern Europe, in 
France, Belgium, the Netherlands and in Eng- 
land we have not yet a continuous and correctly 
dated series of cultures from the Late-glacial. 
This urges us to be cautious in drawing far- 
reaching conclusions at this stage. 
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CONTRIBUTION OF RADIOCARBON DATING AND MEASUREMENT OF 
PALEOTEMPERATURES TO PLEISTOCENE CORRELATIONS 
Hl. DE VRIES1 


SUMMARY 


The importance or 14C dating for pleistocene cor- 
relations is obvious in those cases where dating of the 
same age in different regions is possible. At present 
this is possible for ages up to about 50.000 years. 
Iuderectly, however, a better understanding of this 
time will lead to a more reliable analysis of older 
glaciations. 

Measurement of paleotemperatures by the 180/180 
ratio will be useful in the way that it restricts the 
interpretation of major changes in climate to tlıe 
main oscillations of temperature, recorded in deep 
sea cores; this record is not affected by the diffi- 
culty that a new glaciation tends to erase the rem- 
nants of previous glaciations. Some results, obtained 
by recent !*C datings are being given, in relation to 
Emiliani’s paleo-temperature curve. 


I. MEASUREMENT OF PALEO-TEMPERA- 
TURES 


Accurate measurements in mass spectrometers 
have shown that isotopes of one element behave 
somewhat different in chemical reactions. For 
the present purpose we can confine ourselves to 
the reaction: 


BEI TAGE, CHKO, 


since the production of calcium carbonate is of 
geological importance. It is found that CO;-ions, 
containing the rare isotope '*0 distribute between 
the solution and the carbonate in a way different 
from ions containing !°0. The result is that the 
ratio of the amount of '°0 and '*0 in the two 
phases is different. It is this '*0/'%0 ratio which 
can be measured in a mass spectrometer. At room 
temperature the difference is of the order of one 
percent; the difference decreases with increasing 
temperature. So a very accurate measurement of the 
difference between solution and precipitate 
gives information about the temperature at which 
the carbonate was produced. A serious limitation 
to geological applications is imposed on the me- 
thod by the condition that the difference 
has to be measured between solution and preci- 
pate. Though the carbonate is still available, the 
solution from which it was produced is gone. In 
the case of oceanic deposits, however, it may 
safely be assumed that the '°0/"°0 ratio in the 
solution (sea water) has not changed in the 


1 Natuurkundig Laboratorium der Rijksuniversi- 
teit, Groningen. 


period that is of interest for the present purpose. 

Fig. 1 gives results obtained by Emiliani 
(1955); the temperature curve is the average of 
several cores from different locations. The time 
scale needs special explanation. Primarily the 
method gives the temperature of carbonate 
samples as a function of depth in the core. The 
‚depth-scale” can be converted into a time scale 
by assuming constant rate of sedimentation; this 
requires moreover that at least at one depth the 
age is measured. This was done by the !iC 
method. Even when cores are selected carefully, 
the extrapolation from an age of about 20.000 
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1955). Assignment of Würm I-III according to re- 
cent investigations. Upper time scale: extrapolation 
by assuming constant rate of sedimentation (see 
Emilianı). 

Lower scale, up to 50.000 years: '*C dates. (Gronin- 
gen, unpublished). Points represent individual 


samples. 
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years to the deeper (older) layers will not be very 
accurate. Moreover it should be kept in mind 
that biological activity (worms, etc.) will mix 
the sediment over some depth; consequently short 
oscillations of temperature will generally be lost. 
An illustration of this is the absence of the Bol- 
ling-Allerod oscillation in fig. 1. The major 
fluctuations of temperature, however, will be 
recorded and it should be possible to correlate 
these with the most important glacials and inter- 
glacials. 

II. RADIOCARBON AGE MEASUREMENTS 

Technical improvements (see de Vries, 1956, 
1957) enabled us to date samples with an age 
up to about 50.000 years. In the meantime, how- 
ever, it turned out that infiltration of young 
material into these old samples offers serious 
problems. The first series of samples studied 
came from the wellknown Eem interglacial pro- 
file at De Voorst (Van der Vlerk and Florschütz, 
1953). Dates ranging from about 40.000 years 
for the climatic optimum to more than 50.000 
years for the deeper layers were obtained. Since 
the peat was fairly close to the surface infiltra- 
tion of young material could not be excluded. 
Indeed, a special pretreatment of the peat from 
the upper layers made the samples „older”. Even 
the dates for the deeper layers, which did not 
become older by washing out material that could 
have infiltrated, turned out to be unteliable, 
however. Peat from the type locality of the Eem 
(at Amersfoort) covered by about 10 meters of 
other deposits, came out as „infinite”, i.e. older 
than 53.000 years, and the same was found even 
for two peat layers on top of the Eem deposits, 
between Eem and Würm I (see fig. 1). This 
means that the date of 40.000 years for the cli- 
matic optimum of the Eem is certainly wrong. 
Recently we have developed and applied various 
procedures which remove more or less selectively 
infiltrated material. For peat samples, however, 
the removal may be incomplete. Wood and char- 
coal samples should be collected, if possible. 
III. APPLICATION TO THE CORRELATION 

OF PLEISTOCENE STAGES 

A complete report of our '*C dates on pre- 
glacial samples in being prepared. Because of 
the difficulties, mentioned above, all dates should 
be considered with some caution, until the com- 
plete report will be available. 

The samples came from Germany (Loopsted), 
from the löss regions in Austria, from England, 
from various localities in the Netherlands, but 
mainly from borings and an open pit in the 
Eem valley. By combining all evidence, including 
pollen-data, the samples were represented by a 


point on Emiliani's curve. It turned out fairly 
soon, that a few refinements had to be added 
to this curve which had been levelled out by the 
effects mentioned in ch.J, but this is unimportant 
for the present purpose. Though the general 
assignment of each sample to a given intersta- 
dial is fairly certain, the localisation in the in- 
terstadial is not always very sharp. The limits 
of error in the ''C dates are much smaller. They 
were about 1.500 years for the samples of 48.000 
years old, about 1.000 years for the samples of 
40.000 years and about 150 years for samples of 
30.000 years old. 

The ages, calculated from the '*C measure- 
ment, can be read from the second scale in fig.1. 
This simple statement includes the important 
fact that, for the present samples, the ''C dates 
do not spread just „at random” but are internally 
consistent. (Samples which are of the same age 
according to other evidence, have also the same 
14C age, etc.) It also means that it is possible 
now to correlate organic sediments, not older 
than 50.000 years, by the '*C method. 

The difference between the '’C time scale 
and Emiliani’s scale is obvious, but according to 
the discusion in ch. I this need not be disturbing 
Disregarding the difference in the absolute time 
scale, the temperature curve has another impor- 
tant aspect for pleistocene correlations. It is evi- 
dent now, that it reflects correctly the continental 
climate since the last interglacial (Eem-intergla- 
cial). Therefore it is beyond doubt that is is 
possible to correlate the other major fluctuations 
in temperature of marine sediments with other 
continental glacials and interglacials. Assuming 
a duration of the Pleistocene of one million years, 
at least about 20 major glaciations can be ex- 
pected to be recorded in the upper layers of the 
earth crust. But at one given locality generally 
only a small fraction of these twenty stages will 
have left some traces; this implies that it will be 
very difficult to correlate glacials and. intergla- 
cials at different localities. 
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STRATIGRAPHIE DU PLEISTOCENE SUPERIEUR EN BELGIQUE 
F. GULLENTOPS 1 


Sur la base de depöts et de paleosols le Plei- 
stocene superieur peut Etre divise comme suite en 
Belgique: 


Hennuyen: un loess decalcifie d’äge Riss est con- 
serve en Hesbaye et Hainaut sur les plateaux & 
faibles reliefs. En Ardenne un horizon de solifluction 
du m&me äge est conserv& en quelques endroits. 


Eemien: connu surtout sous la forme d’un pal&osol 
important sur les depöts precedents: Sol de Rocourt 
sur limon hennuyen, t@moignant d’un climat mediter- 
raneen, tout comme les sols rouges sur les depöts de 
solifluction en Ardenne. 

A la fin de cet interglaciaire, degration de la for&t 
et depöt de limon de ruissellement humifere dans les 
depressions, dont la mineralogie montre l’indentite 
avec le limon hennuyen duquel ce limon de ruisselle- 
ment est derive, sans nouveau apport &olien. Enre- 
gistrement durant cette phase ultime de J’intergla- 
ciaire d’une importante activite eruptive de l’Eifel 
caracterisee par la presence d’enstatite. 


Würmien: 


Pleniglaciaire: les depöts de loess permettent d’ap- 
peorter ici une coupure importante: 

Hesbayen: la premiere phase est caract£risee 
par des depöts de solifluction importants et d’Epais- 
ses couches de loess stratifie d’origine niveo-£olien 
caracterisees par une suite de phenom£&nes de cryo- 
turbation: climat froid et humide. 


Sol de Kesselt: cette phase est suivie par une 
pedogentse beaucoup moins importante que l’actuelle 
et qui aboutit A la formation du Sol de Kesselt sous 
climat froid-tempere. : 
Brabantien: cette nouvelle phase froide debute 
avec de grandes fentes de gel et un tres faible horizon 
de solifluction suivi d’un depöt general de loess tres 
homogene et pur: climat froid et sec. 


Les loess du Würm se distinguent aisement des loess 
anterieurs par leur mineralogie, dont les Elements de 
base sont constants jusqu’en Ardenne, oü est enre- 
gistr& une seconde Eruption volcanique de PEifel. 
Le pleniglaciaire est en outre caracterise par l’Erosion 
verticale maximum des rivieres parsuite du regime 
nival et ceci surtout durant l’Hesbayen. En Ardenne 
certains cours d’eau, surtout les plus petits, sont 
noy@s dans l’apport lateral de solifluction. Dans la 
region septrentrionale des sables de couverture les 
debits diminues du Brabantien ne permettent plus 
aux rivieres de deblayer l’apport massif et les vallees 
®y remblaient par les sables de couverture remanies 
par voie fluviatile. 


1 Institut Göologique, Universit© de Louvain. 


Tardiglaciaire: en Moyenne Belgique tourbiere tardi- 
glaciaire dans la plaine alluviale de la Dyle avec les 
oscilliations Bolling et Allerod. La tourbitre n’enre- 
gistre plus d’apport &olien qui a donc cesse & la fin 
du Brabantien comme phenome£ne general. En Belgique 
septentrionale les sables de couverture sont remanies 
durant le Dryas ancien, mais surtout le Dryas recent. 
Des dunes longitudinales et paraboliques temoignant 
de vents dominants de ’W et WSW. Ces dunes 
lecales montrent &galement que la vegetation resistait 
mieux durant ces deux dernieres attaques du froid, 
qui n’atteignaient donc pas les basses tempe£ratures du 
Pleniglaciaire. 


Une mise au point recente par P. Woldstedt 
(1956) nous Epargne une comparaison avec les 
pays avoisinnants. Nous tirons €galement l’at- 
tention sur un article recent de Rathjens (1955). 
Il est clair que si on veut donner une chronologie 
comparable il faut correler les faits d’egale im- 
portance, sinon on arrive a des decalages d’in- 
dustries prehistoriques inexpliquables. 

Dans les depöts würmiens le Sol de Kesselt est 
un repere des plus importants, separant le Pa- 
leolithique moyen du Pal£olithique superieur et 
correspondant au W IW/III de F. Bordes et pro- 
bablement de R. Tavernier et au W I/II de 
certains auteurs autrichiens et allemands. 

N’oublions pas en dernier lieu que les geolo- 
gues ne doivent pas prouver l’exactitude de telle 
ou telle theorie sur la cause des glaciations, mais 
que nous devons fournir une courbe climatique de 
plus en plus exacte que la theorie devra expliquer. 
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CHRONOLOGIE DU PLEISTOCENE SUPERIEUR, PLUS PARTICULIEREMENT 
EN BELGIQUE 


R. TAVERNIER! ET J. DE HEINZELIN? 


Dans la presente note sont exposees certaines 
conceptions et observations nouvelles qui consti- 
tuent une mise au point ou un complement du 
travail publie dans le chapitre „Le Quaternaire” 
du Prodrome d’une description geologique de la 
Belgique (R. Tavernier, 1954). 

Pour la limite inferieure du Pleistocene, nous 
nous rallions & l’opinion &mise par MM. M. Gli- 
bert et J. de Heinzelin relative A la position du 
Scaldisien et du Merxemien. Par ailleurs aucune 
observation nouvelle concernant la subdivision 
du Pleistocene inferieur n’est A signaler. 

En ce qui concerne la chronologie du Plei- 
stocene moyen et superieur il convient d’abord 
de preciser la question des sols interstadiaires et 
interglaciaires, connus sous la denomination de 
„limon fendille”. Nous croyons en effet que M. 
F. Gullentops (1954) a groupe dans cette cate- 
gorie sous le nom de „sol de Rocourt” des for- 
mations de nature et d’äge differents dont cer- 
taines sont en effet A synchroniser avec le „li- 
mon fendille” typique (sensu V. Commont et F. 
Bordes) et d’autres sont A considerer comme 
moins evoluees et plus recentes. Nous les subdi- 
visons en deux groupes: 

2. Sol du Clypot, auquel nous attribuons un 
äge interstadiaire Würm I-II. Ce sol a £te 
reconnu en plusieurs endroits du pays. 

1. Sol de Rocourt, = „limon fendille du Bassin 
de Paris”, d’äge interglaciaire Riss-Würm. 
Le complexe des limons anciens (limons d’äge 

pre-Würm) comprend au moins deux formations 

differentes qui peuvent peut-Etre se synchroniser 
avec le „limon fendille” et le „limon fendille re- 
manie” de M. F. Bordes. 

Contrairement A l’opinion de M. F. Gullentops, 
la distinction, dans le complexe des limons re- 
cents, dun Limon Recent I, d’un Limon Recent 
Il et d’un Limon Recent III, deja introduite par 


1 Geologisch Instituut, Gent. 


Institut Royal des Sciences Naturelles de Belgi- 
que, Bruxelles. 


® Terme preconise par J. de Heinzelin, Le gise- 
ment pr£historique du Clypot (& paraitre dans le 
Bull. Inst. Roy. Sc. Nat. Belg., Bruxelles, 1957). 
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R. Tavernier en 1948, a &t€ confirmee par de 
nombreuses observations nouvelles. De cette fagon 
nous nous rapprochons de la chronologie fran- 
caise de M. F. Bordes, qui lui aussi, distingue 
trois limons recents, separes par deux interstades. 
Levolution du Levalloisien-Mousterien, tant en 
Belgique qu’en France, se poursuit depuis lin- 
terglaciaire Riss--Würm jusqu’& la limite Limon 
Recent II — Limon Recent III. 

Il est tres vraisemblable que, dans des regions 
plus orientales, le Limon Recent I soit moins 
generalement represent€ qu’en Belgique occiden- 
tale. Souvent il ne semble pas avoir &t€ reconnu. 
Cette formation a parfois Ete attribuee au Limon 
Recent II mais a et€ plus generalement assimilee 
aux „Limons Anciens” (Rissien). Ceci nous parait 
l’explication du decalage apparent dans la posi- 
tion des industries dans ces deux regions. 

Les depöts loessiques se caracterisent souvent 
par leur facies relativement constant. 


Le Limon Recent I est generalement assez 
lourd, stratifi€ ou finement feuillet€e et d’aspect 
colluvial. Sa base est formee de depöts forte- 
ment cryoturbes, a galets Eolises, principalement 
lorsqu’il repose sur des formations antequater- 
raires (Clypot). Quand il repose sur le fendille 
(Rocourt), on observe un derangement net du 
scmmet du fendille, qui pourrait correspondre 
au fendille dit remanie de M. F. Bordes. La partie 
inferieure du Limon R£cent I presente alors un 
facies humifere, souvent discontinu, qui s’eteint 
graduellement vers le haut, mais qui peut pre- 
senter des recurrences. L’Epaisseur maximum 
observee est de l’ordre de 5 metres; on y trouve 
rarement des coquilles terrestres. Parfois le som- 
met montre un developpement de profil de sol 
prononce. La zone lehmifiee peut atteindre une 
epaisseur de 1,50 a 2 m et la surface des unites 
de structure presente des revetements argileux 
typiques; en outre dans les profils etudies, les 
nombreuses traces de gley denotent un hydromor- 
phisme marque& (Poperinge, Clypot). 

Souvent le limon avec son lehm est detruit 
par la base ravinante du Limon Recent II. Dans 
quelques cas exceptionnels on observe de depöts 


tcurbeux d’äge interstadiaire Würm I— Würm 
DO, avec traces de tuf, p. ex. A Rumbeke (Flan- 
dre occidentale) 4. 

Le Limon Recent II debute generalement par 
un cailloutis contenant souvent des ossements et 
par des formations tourbeuses, colmatant des 
vallons profonds de plusieurs metres (Braine-le- 
Comte, Poperinge). Ce sont des tourbes froides 
a Betula nana et Salix herbacea (R. Vanhoorne). 
Apres le colmatage des vallons, l’accumulation 
eolienne prend une importance croissante et le 


‚ caractere froid des depöts se manifeste par des 
‚ eryoturbations et par de nombreuses petites fen- 


tes de gel contemporaines des depöts et recur- 


rentes. Plus vers le haut apparaissent de petits 


ı cailloux Epars, fortement Eolises, souvent alignes 
\ 


sur des plans, dont nous attribuons la presence A 


un transport par le vent sur sol gele. La partie 


inferieure du Limon Recent II contient d’une 
facon r&guliere la faune classique A Pupilla, He- 
licella et Succinea, et presente un facies finement 


‚stratifie ou un feuilletage marque. La masse du 


limon est generalement traversee par une multi- 
tude de pores tres fins, a parois foncees, que 
nous attribuons a des restes de racines de la 
vegetation herbacee contemporaine du depöt. 
L’epaisseur du Limon Recent II peut atteindre 
plusieurs metres. La zone lehmifiee qui s’est 
developpee A son sommet n’est que rarement 
presente „in situ”. Dans les cas ou le sol n’a pas 
ete detruit on reconnait nettement les caracteres 
d’un sol hydromorphe & horizon B textural bien 
developpe (Sol de Kesselt). D’une fagon presque 
constante la zone lehmifiee est dechiree et Etiree 
ä la base du Limon Recent III et presente des 
microplissements avec deversement des plis en 
direction de la pente (Lantin). 

_ Le Limon Recent III presente un facies de 
base qui parait variable suivant les regions. Par- 
fois il est franchement sableux, soit cryoturbe 
et marqu& par des fentes de gel, soit forme par 
une zone comprenant des masses lehmifiees, 
etirees et morcelees provenant du sol intersta- 
diaire. Dans la zone septentrionale de la region 
limoneuse, la partie inferieure du Limon Recent 
III presente d’une facon reguliere un „facies A 
doublets” qui passe graduellement a un limon 
jaunätre, homogene, pulverulent et tres calcari- 
fere (type Brabantien). Au coeur m&me de la 


4 Ina discussion with Mr. Gullentops at the time 
ot the Symposion the present author remarked, too, 
that the numerous erosion gullies which are found 
at the base of Recent Loess II suggest that the Inter- 
stadial Recent Loess I-Recent Loess II may have been 
more important than the Interstadial Recent Loess 
Ii-Recent Loess III. (Note added by the Chairman 


of the Symposium). 
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region limoneuse ce facies englobe toute la 
mass« du Limon Recent III. La zone lehmifiee du 
sommet, bien connue sous la denomination de 
„terre A briques” constitue l’horizon B d’un „sol 
(brun) lessive”. La ligne de d&calcification est 
soulignee soit par des poup£es calcaires, soit par 
un pseudomycelium calcaire; elle se situe, sauf 
dans des sites tr&s mal draines, en moyenne une 
cinquantaine de centimetres au dessous de la par- 
tie inferieure de Ja terre & briques. 

L’evolution climatologique et la stratigraphie 
de la periode posterieure au depöt du Limon Re- 
cent III nous parait plus longue et plus compli- 
quee qu’on ne le suppose generalement. Citons 
un certain nombre d’observations et d’arguments 
qu'il convient de mettre en correlation. 


(1) Le Paleolithique superieur debute A la 
base du Limon Recent III avec l’industrie 
ä „lames de l’Abri Audi”, qui forme la 
transition du Mousterien au Perigordien 
inferieur. 

Au sommet du Limon Re£cent III; on trouve 
du Perigordien Evolu&e du type „Gravet- 
tien” qui constitue le stade initial d’une 
longue succession d’industries. Celles-ci 
semblent avoir Evolu& dans des conditions 
de milieu relativement tempere comme 
lindique la faune, p. ex. le grand nombre 
de chevaux de Solutre et. les nombreuses 
figurations de grottes avec Equides, bovides, 
cervides, etc. (Lascaux, e.a.). 

Apres le debut du Magdalenien inferieur 
cet Episode tempere parait subir une de- 
gradation; le maximum de froid est atteint 
au Magdalenien moyen. On doit a cette 
crise froide de tres importants eboulements 
thermoclastiques dans les grottes et les 
abris-sous-roche. 

Durant le Magdalenien superieur et la fin 
du Hamburgien nordique qui sont plus 
ou moins contemporains du debut de 
Il Allered, les conditions climatologiques 
semblent ä nouveau moins severes. 
L’Ahrensburgien nordique d’une part et le 
Sauveterrien francais d’autre part semblent 
de nouveau appartenir A un cycle plus froid 
(Dryas superieur); cette p&riode est imme- 
diatement suivie par l’evolution holocene 
classique. 

Il est A noter que toute cette Evolution A 
partir du Perigordien superieur est poste- 
rieure au depöt du Limon Recent III. La 
longue dur&e necessaire pour cette impor- 
tante @volution des industries est corro- 
boree par les importantes donnees de chro- 
nologie absolute, recemment publiees, e.a.: 


(2) 


(3) 


(4) 


(6) 


308 


1. Tourbe froide de Godarville (Belgi- 
que), partie inferieure du Limon Re- 


cent II <—34 000 

2. Perigordien IV de l’abri Pataud 
+ —22 000 
3. Grotte de Lascaux (probablement plus 
ancien) —13 500 


4. Grotte de La Colombiere (certainement 


plus ancien) 13500 
5. Stellmoor inferieur —10 500 
6. Hamburgien de Meiendorf — 9900 
7.  Allerod moyen — 9500 
8. Allerod superieur — 9000 
9. Starr Carr. et Hamburgien de Stell- 

moor — IWW 


Ces dates nous amenent a penser que l’Episode 
moins froid compris entre le Perigordien IV et 
le Magdalenien inferieur doit se situer entre 
—22 000 ans et —13 000 ans. 

Il resulte de ce qui precede, que nous recon- 
naissons deux cycles moins froids posterieurs 
aux depöts de Limon Recent III; un cycle pa- 
leolithique superieur et un cycle holocene clas- 
Sique, separes par l’Episode froid du Magdalenien 
moyen. Cet Episode que precede l'oscillation 
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Allergd correspond vraisemblablement au Dryas 
moyen et inferieur. Ceci nous donne une nouvelle 
chronologie du Pleistocene superieur permettant 
de classer l’evolution des industries telle qu’elle 
resulte de l’etude des grottes et des abris-sous- 
roche et de tlasser des formations et des sols 
qui, dans la chronologie admise jusqu’a present, 
ne trouvent pas de position bien definie ou dont 
läge est peu clair. Citons a cet Egard: 


(1) Les importants depöts de colmatage de val- 
lees, denomme&s „alluvions anciennes” et 
„alluvions recentes” lors du leve de la car- 
te des sols. Ces depöts, qui se sont formes 
apres la formation du Limon Recent III et 
avant l’oscillation Allerod, paraissent cor- 
respondre au cycle moins froid du Paleoli- 
thique superieur. Parfois ils reposent sur 
des couches tourbeuses, que on trouve 
egalement intercalees dans leur masse. Leur 
spectre pollinique presente une certaine 
analogie avec celui de l’Holocene. 


(2) La formation de la „terre a briques” sur le 
Limon Recent III, s’est poursuivie pendant 
lepisode tempere du Pleistocene superieur 
et pendant l’Holocene. La ou les depöts 
dits „Alluvions anciennes” ou „Colluvions 
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anciennes” affleurent, ils sont caracterises 
par le developpement d’un profil de sol 
qui parait nettement moins Evolue que la 
„terre A briques”. Ce ne sont que rarement 
des „sols (bruns) lessives”, mais souvent 
encore de veritables „sols bruns”. 


(3) Dans plusieurs affleurements dans la re£- 
gion sablo-limoneuse on trouve des d&pöts 
sableux, parfois Epais de plusieurs metres, 
presentant un caractere &olien et des in- 
dices de climat froid, qui sont situes entre 
l'horizon Allerod et des formations qui, 
par leur position et leur facies semblent 
appartenir au Limon Recent III. Sous ces 
depöts sableux, la partie superieure des 
formations du Limon R£cent III presente 
parfois une lehmification qui indique une 
pedogenese plus importante que celle qui 
correspond a l’oscillation Allerod. 


Dans cette chronologie, la phase Allerod et le 
Dryas superieur sont consideres comme des Epi- 
sodes relativement courts. Nous n’attribuons & 
la phase Bolling qu’une importance secondaire; 
ce serait une oscillation mineure, de peu ante- 
rieure, voire penecontemporaine du Allerod. La 
repartition tres generale de l’horizon Allergd est 
vraisemblablement la consequence, outre de sa 
formation recente, a l’amelioration rapide du 
climat apres le Magdalenien moyen. 

Pour la phase moins froide du Pal£olithique 
superieur qui pr&cede l’Episode froid du Magda- 
lenien, mais qui suit la periode froide du depöt 
du Limon Recent II, nous proposons le terme 
„Epi-Pleistocene” en analogie avec la terminolo- 
gie du Quaternaire africain. 

En Belgique les formations attribuees aux pe- 
riodes froides du Magdalenien et du Dryas supe- 
tieur sont essentiellement d’origine locale, et con- 
stitu&es de nappes de solifluxion et de depöts 
Eoliens montrant le plus souvent un rapport 
direct avec le reseau fluvial actuel. Par contre 
les formations attribuees aux periodes froides 
arıterieures au Magdalenien comprennent surtout 
des nappes de sediments loessiques et de sables 
de recouyrement en nappes continues. Nous 
croyons que cette difference peut s’expliquer par 
un changement dans l’&coulement des eaux de 
fonte des glaciers scandinaves. En effet, l’etude 
des depöts morainiques en Ecosse semble indi- 
quer que pendant la periode Würm il y a existe 
une jonction avec les glaciers scandinaves, pro- 
voquant ainsi un Ecoulement des eaux de fonte 
par la Mer du Nord meridionale. La disparition 
de cette jonction pendant la periode Epi-pleisto- 
cene retablissait l’ecoulement en direction sep- 
tentrionale, entrainant ainsi la disparition d’une 
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source importante de materiaux susceptibles 
d’etre soumis A lactivite Eoliennne. D’apres les 
donnees prehistoriques il semble d’ailleurs, qu’en 
Europe Centrale, on connait des depöts loessi- 
ques datant du Magdalenien. 

Les conceptions et observations exposees dans 
cette note nous incitent A souligner les tres gran- 
des reserves qu’impose l’interpretation, au point 
de vue chronologie stratigraphique, des sequences 
sedimentaires. Un Episode froid ne se marque 
que par un depöt Eolien si les conditions sont 
favorables, e.a. sil y a une source capable de 
fournir les materiaux. Par contre les &pisodes 
temperes ne se manifestent pas toujours par la 
formation d’un sol. En effet par suite d’un ap- 
port abondant &olien ou autre, le developpement 
d’un sol peut Etre localement empeäche. Il serait 
conc vain de vouloir Etablir la stratigraphie du 
Pleistocene en se basant sur l’etude de quelques 
coupes seulement. Nous pensons qu’un reseau 
serre d’observations s’impose. En outre il con- 
vient de mettre en correlation les observations 
provenant de l’etude des cavernes et des abris- 
sous-roche avec les celles des gisements de plein 
air, ce que nous avons tente dans cette note. 
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PLEISTOCENE CORRELATIONS BETWEEN THE NETHERLANDS AND ADJACENT AREAS: A SYMPOSIUM 


CONCLUSION ‘ 
I. M. VAN DER VLERK1 


Four of the twenty-one local subdivisions of 
the Pleistocene (cf. Quaternaria, vol. III) were 
specially discussed by the members of the sym- 
posion, viz. those of East Anglia, the Nether- 
lands, Northern Germany and Belgium. The 
purpose was to arrive at a reduction of the 
number of local names by means of correlation. 
It was endeavoured to obtain a more general 
subdivision which would hold good for the four 
countries mentioned. 


The subdivisions taken as a startingpoint were 
the following: 


The Belgian colleagues preferred to adhere 
to the Alpine subdivision, using the names Günz, 
Günz-Mindel, Mindel, etc. 


It was held that in order to obtain a subdivi- 
sion of the Pleistocene Epoch its exceptional po- 
sition as compared with other epochs should be 
borne in mind. First of all this applies to the 
very short duration of the Pleistocene epoch. As 
a result the evolutionary development cannot be 
made use of to the same extent as for the sub- 
divisions of other epochs (cf. P. Tesch’s contribu- 
tion). 


EAST ANGLIA 


Continental 
Hunstanton Boulder Clay 
Ipswichian 
Gipping Till = Upper Chalky Boulder Clay 
Hoxnian 
Lowestoft Till = Lower Chalky Boulder Clay 


North Sea Drift = Cromer Till = Norwich 


Brickearth 
Arctic Freshwater Beds 
Cromerian 
THE NETHERLANDS 
Continental Marine 
Tubantian 
Eemian Eemian 
Drenthian 
Needian Needian 
series of 
Sterksel Cromerian 
Taxandrian 
series of 
Kedichem 
Tiglian Icenian 
Amstelian 


Praetiglian 


1 


5 Rijksmuseum van Geologie en Mineralogie, Lei- 
en. 


Marine 


Corton Beds 


Leda myalis Beds 


Weybourne Crag 
Chillesford Clay 
Norwich Crag 
Butleyan 
Newbournian 
Waltonian 


NORTHERN GERMANY 


Continental 


Weichselian 
Eemian 
Saalian 
Holsteinian 
Elsterian 
Cromerian 
Weybournian 
Tiglian 
Brachtian 


Marine 
Eemian 


Holsteinian 


Only a few groups of mammals form an 
exception. But here we encounter another diffi- 
culty. Quite often the stratigraphical sequence 
of species may be accounted for by an interchange 


of emigrants and immigrants rather than by evo- 
_ lution. Secondly the Pleistocene Epoch distin- 
guishes itself from the other ones as our know- 


ledge of continental deposits greatiy exceeds that 
of the marine. i 


A subdivision of the Pleistocene would have 
been a hopeless case had not an exceptional cir- 
cumstance offered itself, namely climatic fluctua- 
tions. In glaciated regions the study of moraines 
and terraces forms the base for such a climatolo- 
gical subdivision. But in other regions one has 
to look for facts which reflect glaciations occur- 
ting elsewhere. In the last few decades the tracing 
of these facts has become much easier owing 
to the development of palynology. In this res- 
pect e.g. Florschütz (Netherlands) and Godwin 
and his pupils (Great Britain) did pioneering 
work for the regions mentioned. This resulted in 
the hypothesis that in these areas a glacial may 
be characterized as follows: a lapse of time in 
which the climate became so cold that at least 
a subarctic park-vegetation could establish itself, 
whereas thermophilous trees were more or less 
completely exterminated, some species of medio- 
crate character perhaps surviving in small quan- 
tities. 

In the same way the characteristics could be 
given of an interglacial and of the lesser sub- 
divisions: an interstadial within a glacial, and 
a cool oscillation within an interglacial. (cf. W. 
H. Zagwijn’s paper). 

Finally one general remark concerning no- 
menclature. I hold that in spite of the short du- 
ration of the ages in which the Pleistocene Epoch 
is subdivided the endings „-ian” may be used. 
Both the Cenozoic and the Paleozoic, which lasted 
five times as long, are referred to by the name 
„era”. Both the Devonian and the twice as long 
Cambrian are called „periods”. Both the Plei- 
stocene and the much longer Eocene are called 
„epochs”.. Why then should we use the ending 
„ıan” for ages like „Llanvirnian”, „Namurian”, 
„Aptian” but not for the ages of the Pleistocene 
Epoch? 

If the said local subdivision are compared the 
name „Cromerian” is found to occur both in the 
continental subdivisions of Great Britain and in 
those of the Netherlands and of Northern Ger- 
many. So we may base our correlation on this 
stage. Dutch investigators have collected most 
data on the subdivisions older than the Cromer- 
ian. Starting from the definitions of glacial and 
interglacial three glacials are distinguished in the 
pre-Cromerian of the Netherlands: Pretiglian, 
Eburonian and Menapian, and two interglacials: 
Tiglian and Waalian (cf. W. H. Zagwijn’s 
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paper.) No continental equivalents are known 
in Great Britian. In Northern Germany the 
name Brachtian is used for the first glacial. 
Weybournian is to be roughly correlated with 
Eburonian, Waalian and Menapian. Both the 
names Brachtian and Weybournian seem inap- 
propriate to me. In a pit near Bracht a clay 
occurs of the same age as the Tegelen clay at 
the type-locality. Underneath there are sands 
which probably also belong to the Tiglian (cf. 
W. H. Zagwijn). 

Weybournian is an unsuitable name for a sub- 
division of the continental deposits as the de- 
posits at the type-locality are not continental but 
marine. 


It seems obvious that the German subdivision 
should mainly be used for the continental deposits 
younger than the Cromerian as here the glacials 
are characterized by distinct moraines. These are 
the Elsterian, the Saalian and Weichselian. These 
names are to be preferred to the Alpine names 
Mindelian, Rissian and Würmian, as a corre- 
lation between the two regions is still full of 
pitfalls. This uncertainty is expressed e.g. by the 
difference of opinion which the investigators 
have on the subdivision of the Riss glacial. Some 
assume the occurrence of three stadials in the 
Riss glacial: Riss I, Riss II, and Late-Riss. It is 
not certain yet which of these is to be identified 
with the moraine meant by Penck and Brückner. 
In the same way the interstadial between Riss 
II and Late-Riss is sometimes called Eemian, in 
spite of the fact that this is the name of an 
interglacial in the region of the Scandinavian 
glaciations (cf. W. H. Zagwijn’s remark at the 
erd of J. D. de Jong’s paper). 

Another difficulty discussed during the sym- 
posion concerns the position of what used to be 
called the Riss-interstadial. Formerly it was sup- 
posed that during Riss I the so-called high-ter- 
race sands were formed. During Riss II the 
continental ice was thought to have partly cov- 
ered the Netherlands. When later on local 
names were introduced, Rissian becoming 
Drenthian, this subdivision was retained. It was 
assumed, however, that the lower part of these 
high-terrace sands was already formed during the 
previous Needian. But Florschütz’s palynological 
investigation showed that a correlation of the 
so-called Drenthe-interstadial with the intersta- 
dial between Saale I and Saale II in Northern 
Germany meets with difficulties. (cf. paper by 
F. Florschütz). In my opinion they may be ex- 
plained by assuming that the Netherlands were 
not covered with ice during Saale II, but during 
Saale I. So Drenthian II would have to be corre- 
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lated with Saale I. This is not without reason 
now that the position of the Warthe-stadial is 
better known in Germany. For a long time it was 
doubted whether this Warthe-stadial was formed 
before or after the Eemian. But now that the 
Eem sea is found to have broken through the 
Warthe terminal moraine this fact has been 
decided in favour of the first hypothesis. This 
means that the Warthe-stadial may be identified 
as Saalian II. It also follows that the Dutch ice- 
cover is to be placed in Saale I as the Dutch ter- 
minal moraine does not pass into the Warthe- 
stadial moraine but into the one of the Saale I- 
glaciation. 

Summarizing it may be stated that as the result 
of the symposion I see the following subdivision 
as the most preferable: 


Continental Marine 
Weichselian Eemian 
Eemian 
Saalian 
Hoxnian Holsteinian 
Elsterian 
Cromerian 
Menapian 
Waalian 
Eburonian 5 
Tiglian Icenian 
Amstelian 


Pretiglian 


I prefer Hoxnian to Needian as the name for 
the interglacial between the Elster- and Saale- 
glacials. These deposits may be studied very well 
at the type-locality at Hoxne. But this is no 
longer the case near the village of Neede. The 
names Taxandrian, Drenthian and Tubantian 
have served their time and may be cancelled. 


I perfectly realize that the introduction of the 


names Eburonian, Waalian and Menapian will 


meet with some opposition. No doubt attention 
will be drawn to the great resemblance between 
the climatic curve of the Netherlands and the 
one Venzo and Lona gave for a profile near 
Leffe in Northern Italy, as Zagwijn pointed out 
already. The question will be asked why for N. 
W. Europe, too, one cannot speak of Donau II 
instead of Pretiglian, of Günz I instead of 
Eburonian and of Günz III instead of Menapian. 


First of all one may answer that Venzo and 
Lona call stadials what Zagwijn takes to be gla- 
cials. Furthermore it seems to me that such a 
question had better be decided at the INQUA 
congress in Spain. There it will appear whether 
the investigators of the Alpine region can agree 
with Venzo & Lona’s interpretation, and if so, 
whether these names may also be applied to the 
northern countries of Europe. 


EEKEBSEn SP RE. K | 


Glacial and Pleistocene geology, by R. F. Flint. 
xii + 553 pp., illus,, 5 pls. John Wiley & 
Sons, Inc., New York; Chapman & Hall, Ltd., 
London 1957, Prijs geb. $ 12.50. 


; Hoewel, voor zover ik weet, nog nooit iemand in 
een boek de mariene geologie verenigd heeft met de 
geologie bv. van de Jura of van het Krijt, is het 
sinds lang gewoonte de glaciogeologie (niet glaciolo- 
gie) te verenigen met de geologie van het Pleistoceen. 
Zulk een combinatie van een hoofdstuk uit de alge- 
mene geologie met een hoofdstuk uit de historische 
geologie heeft grote voordelen. Zij leidt immers haast 
vanzelf tot een sterke integratie van verschillende 
onderdelen van ons vak, dat ondanks de voortdu- 
rend toenemende specialisatie nog altijd een zeer ho- 
mogeen geheel vormt. De combinatie heeft evenwel 
ook haar bezwaren, want zij kan gemakkelijk leiden 
tot een ongewenst of misleidend accent op &£n be- 
paald aspect van de geologie van het Pleistoceen, i.c. 
de grote vergletsjeringen. Nu zal niemand ontken- 
nen dat de grote vergletsjeringen &n als fenomeen &n 
als symptoom een zeer belangrijk aspect van het Pleis- 
toceen vertegenwoordigen, maar wij dienen ons toch 
te hoeden voor de misvatting, dat de geschiedenis 
van het Pleistoceen in hoofdzaak de geschiedenis van 
de grote vergletsjeringen is, een misvatting, die wat 
het Pleistoceen betreft, (in tegenstelling tot het Perm) 
gevoed wordt door de toevallige bijkomstigheid, dat 
deze in het Pleistoceen hoofdzakelijk lagen in wat nu 
op wetenschappelijk terrein de z.g. hoogst ontwik- 
kelde gebieden zijn. 

Ziet men nu hoe Flint de moeilijkheden heeft trach- 
ten op te lossen, dan moet men in de eerste plaats 
vaststellen, dat hij een goed evenwicht heeft weten 
te bewaren tussen het algemene deel (glaciale geolo- 
gie) en het bijzondere deel (pleistocene geologie), maar 
dat in het laatste het accent inderdaad nogal sterk 
valt op de pleistocene geologie van vroeger verglet- 
sjerde gebieden. Tegenover zes hoofdstukken over 
(vooral glaciale) geologie van Noord-Amerika en 
Europa, staat er slechts &&n over het Pleistoceen bui- 
ten deze beide continenten, of zo men wil twee, 
ale het hoofdstuk over het Pleistoceen van de oceaan- 
bodem ook tot deze groep gerekend wordt. 

Dat neemt niet weg, dat het boek een voortreffe- 
lijk en modern overzicht geeft van het gehele, in de 
titel aangegeven terrein. De algemene hoofdstukken 
handelen wel hoofdzakelijk over glaciale geologie, 
maar ook andere onderwerpen krijgen hun deel: 
stromend water (zeer beknopt), schommelingen in 
het niveau van meren (sinds Gilberts klassieke mono- 
grafie over Lake Bonneville een typisch amerikaans 
onderwerp), schommelingen van de zeespiegel (een zeer 
voorzichtig geschreven hoofdstuk), etc. Twee hoofd- 
stukken, over stratigrafie en over chronologie, beslui- 
ten het algemene gedeelte. Flint verbindt chronologie 
onverbrekelijik met absolute ouderdomsbepalingen. 
Hij volgt dus niet Jeletzky, die enige tijd geleden op 
andere wijze een scheiding tussen deze beide begrip- 
pen heeft ingevoerd. 

De regionale hoofdstukken handelen in de eerste 
plaats over Noord-Amerika (vier), dan over Europa 
(twee), terwijl de overige continenten het samen met 
&en hoofdstuk moeten doen. Talrijke verwijzingen 
naar de literatuur helpen de lezer echter gemakkelijk 
op weg om in een onderwerp dieper door te dringen. 


NG EN 


Van Flints 10 jaar geleden verschenen Glacial 
geology and the Pleistocene Epoch, onderscheidt dit 
nieuwe boek zich door een enigszins gewijzigde in- 
deling, maar vooral door de geheel nieuwe behande- 
ling van vele onderwerpen. Er is daarom van afge- 
zien het boek als een nieuwe druk van het bock van 
1947 aan te dienen. 


A.Br. 


The history of the British flora. A factual ba- 
sis for phytogeography, by H. Godwin. viii 
+ 384 pp., 119 figs., 26 pls. Cambridge, at 
the University Press. Prijs geb. 90s. 


Biogeografie heeft, zodra zij niet slechts beschrij- 
vend meer is, maar ook tracht te verklaren, een sterk 
historische, d.w.z. geologische, inslag. Desondanks 
hebben slechts weinig geologen of paleontologen zich 
met (paleo)biogeografische problemen bezig gehouden. 
Daarentegen is over de historische verklaring van de 
tegenwoordige verspreiding van planten en dieren 
reeds lang vrij veel gewerkt, ook al beseft men dat 
voor vele groepen van organismen en voor vele ge- 
bieden zelfs de gegevens over de recente flora of 
fauna ontoereikend zijn om tot een afgerond beeld 
van de verspreidingsgeschiedenis te komen. Sinds 
A, R. Wallace in 1880 zijn Island life publiceerde, 
hebben eilanden altijd een geliefdkoosd studieobject 
van biogeografisch geörienteerde onderzoekers uitge- 
maakt. 

Godwin heeft nu een boek gewijd aan de geschiede- 
nis van de britse flora, een onderwerp, waarover Cl. 
Reid in 1899 eveneens een boek publiceerde. De re- 
sultaten van meer dan een halve eeuw onderzoek, dat 
vooral in de laatste decennia zeer intensief geweest 
is, blijken duidelijk uit een vergelijking van deze 
beide boeken. 

De historische inslag van de biogeografie dwingt 
er dus toe terug te gaan in de geschiedenis. Höe ver 
hangt af van de omvang zowel van de groep als van 
het gebied, die men in zijn beschouwingen wil betrek- 
ken. Het verspreidingsbeeld van de recente zoog- 
dieren over de Aarde is niet te begrijpen zonder het 
gehele Kenozoicum in ogenschouw te nemen. Godwins 
doel is beperkt tot de vaatplanten van de britse 
eilanden. Hij gaat daarom niet verder terug dan het 
begin van het Pleistoceen. 

Een groot deel van het bock, iets meer dan de 
helft, wordt gevormd door een systematisch gerang- 
schikte documentatie van de genera en soorten, waar- 
van overblijfselen uit britse afzettingen sedert het 
begin van het Pleistoceen bekend zijn. Bij de meer 
op de voorgrond tredende elementen worden deze 
documentaire gegevens (vindplaatsen, ouderdom, 
auteurs, etc.) gevolgd door een dikwijls zeer uitvoerig 
commentaar, veelal voorzien van afbeeldingen, ver- 
spreidingskaartjes (geografisch) en verspreidingsdia- 
grammen (stratigrafisch). De laatste hebben steeds 
dezelfde tijdschaal als basis, hetgeen hun leesbaarheid 
zeer ten goede komt. Het is duidelijk dat deze uit- 
voerige inventarisatie van de pleistocene (en holocene) 
flora van de britse eilanden een hoogst waardevol 


hulpmiddel is voor ieder, die — ook buiten het be- 
handelde gebied — met pleistocene flora’s te maken 
heeft. 


Van de drie hoofdstukken, die aan de reeds bespro- 
ken documentatie vooraf gaan, moet vooral dat over 
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de „background scale of Quaternary change” ge- 
noemd worden. Hoewel klaarblijkelijk in de eerste 
plaats bedoeld om meer botanisch geörienteerde le- 
zers van het boek de nodige historische basis te ver- 
schaffen, zullen vele geologische, niet-engelse lezers 
er vele specifiek engelse gegevens over het Pleistoceen 
in vinden. Het meeste genoegen zullen geologen ech- 
ter beleven van het uitvoerige laatste hoofdstuk van 
het bock, „Pattern of change in the British flora”, dat 
een, nu chronologisch gerangschikt, overzicht geeft 
van de ontwikkeling van de britse flora in het Plei- 


stoceen, waarbij Godwin gelegenheid heeft dieper in 
te gaan op tal van interessante punten, zoals corre- 
latie van interglacialen, verband tussen flora en kli- 
maat, migratieroutes, refugia, etc. ; 
Het boek, typografisch zeer goed uitgevoerd, is 
cen belangrijke aanwinst voor de groeiende literatuur 
over de geologie van het Pleistoceen. Bovendien is 
het boek een uitnemend voorbeeld van een gespeciali- 
seerd boek, dat ook leesbaar is voor een onderzoeker, 
die slechts zijdelings in het onderwerp belang . 
‚Br. 


GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


UIT HET JAARVERSLAG VAN DE INSPEC- 
TEUR-GENERAAL DER MIJNEN OVER 1955 — 
Het jaarverslag van de Inspecteur-Generaal der Mijnen 
over het jaar 1955 is kort geleden in druk verschenen. 
Aan de hoofdstukken betreffende de Limburgse mijn- 
industrie ontlenen we, dat de totale produktie van 
steenkool daalde ten opzichte van het jaar 1954 van 
12.071.474 ton tot 11.894.562 ton. Deze geringe 
daling schrijft de Inspecteur-Generaal toe aan de ex- 
ploitatie van minder rendabele lagen en het tekort aan 
ondergrondse arbeidskrachten. 

De netto-produktie van steenkool gewonnen uit ge- 
heel gemechaniseerde pijlers steeg van 2.618.631 ton 
in 1954 tot 3.436.342 ton. Dit is 28,9 % van de 
totale netto-produktie. Door het in bedrijf komen van 
cokesfabriek Emma kon 2.767.396 ton cokes worden 
geproduceerd tegen 2.454.244 ton in 1954. 

De Nederlandse behoefte aan steenkool kon in 1955 
slechts voor 68 % uit de produktie van de Limburgse 
mijnen worden gedekt. 

In de netto-produktie per man per ondergrondse 
dienst viel in het verslagjaar nog een verdere, alhoewel 
geringe, daling te constateren en wel'van 1947 kg in 
1954 tot 1486 kg. 

De gemiddelde netto dikte van de lagen bedroeg 
evenals in 1954 97 cm. In 1955 waren 55 (59) kool- 
lagen in ontginning of voorbereiding. Voorts werden 
175 (191) pijlers in ontginning genomen. 

Steenkoolveredeling. — De kracht-warmtecentrale 
van het Stikstofbindingsbedrijf bracht een vermogens- 
toename van 15.650 kVA. Door het in bedrijf nemen 
van een nieuwe elektrische centrale kon het elektrisch 
vermogen van de centrale op de Oranje-Nassaumijn I 
op 146.000 kVA worden gebracht. De gezamenlijke 
centrales van de Limburgse mijnen wekten in 1955 
bruto 1.520.098.000 kWh op, waarvan ten behoeve 
van de eigen bedrijven 1.241.181.235 kWh werden 
verbruikt. 

Voor de fabricage van 2.767.396 ton cokes was in 
het verslagjaar 3.697.000 ton steenkool nodig. De 
afzet van cokes bedroeg in het binnenland 1.208.000 
ton, in het buitenland 1.338.000 ton, terwijl het eigen 
verbruik van de mijnen 231.000 ton bedroeg. 

Op Cokesfabriek Maurits werd de tweede proef- 
fabriek voor de produktie van synthraciet in bedrijf 
genomen. De produktie van de eerste fabriek bedroeg 
38.676 ton. 

In 1955 werd 1156 miljoen m? cokesovengas, 65 
miljoen m? generatorgas en 265 miljoen ton oxygas 
geproduceerd. Aan derden werd geleverd 332,6 m3 
gezuiverd cokesovengas. 

De produktie aan zuivere stikstof bedroeg in het 
verslagjaar 158.000 ton, hetgeen ten opzichte van 1954 
een toename van bijna 7 % betekent. De hoeveelheid 
zuivere stikstof verwerkt in meststoffen bedroeg 
148.000 ton. 


De winning van steenkoolchemicaliön bewoog zich 
in stijgende lijn, enerzijds door grotere kolenverwer- 
king en anderzijds door het toepassen van bepaalde 
technische wijzigingen in de diverse processen. 

Ontsluiting van nieuwe mijnvelden. — Met de aan- 
leg van Staatsmijn Beatrix in het mijnveld Vlodrop 
werd een begin gemaakt. Het afdiepen van de schach- 
ten, waarmee omstreeks de helft van het verslagjaar 
werd begonnen, geschiedt volgens de boormethode 
Honigman-de Vooys. De schachten (2) zullen een ge- 
boord gedeelte krijgen van 500 m met een doorsnede 
van 7,5 m. Staatsmijn Beatrix zal vermoedelijk om- 
streeks 1964 in produktie kunnen komen. Na een 
aanloopperiode van ongeveer zes jaar wordt de pro- 
duktie geraamd op gemiddeld 1,2 miljoen ton per jaar. 


PROBLEMEN VAN DE HEDENDAAGSE 
MIJNBOUW — Het volgende is ontleend aan een 
voordracht, gehouden door dr. W. de Braaf, hoofd 
van de Miinbouwkundige Afdeling van het Centraal 
Proefstation van de Staatsmijnen in Limburg, voor 
het 35e Natuur- en Geneeskundig Congres in Maas- 
tricht. 

Bij vele mijnen is de op hogere niveaus gelegen ko- 
lenvoorraad thans voor het grootste deel ontgonnen, 
zodat men gedwongen is kolen op grotere diepte te 
ontginnen. Deze ontwikkeling manifesteert zich in 
het oplopen van de kostprijs. In de gehele Westeuro- 
pese mijnbouw is deze tendens duidelijk waar te ne- 
men. 

Deze ontwikkeling leidt er ook toe, dat op hogere 
niveaus dunnere en minder zuivere koollagen wor- 
den ontgonnen. Als gevolg hieryan neemt de gemid- 
delde dikte van de lagene die worden ontgonnen, af 

In 1951 kwam bijvoorbeeld de kolenproduktie van 
de Staatsmijnen uit lagen met een gemiddelde netto 
dikte van 115 cm. In 1955 was deze dikte afgeno- 
men tot 99 cm. Ook de verhouding tussen de bruto 
en de netto produkties wordt ongunstiger. In 1933 
bestond 85 pct. van de bruto-produktie uit kolen, 
in 1951 71 pct. en in 1955 62.6 pct. 

De kolenwinning uit dunnere lagen heeft als direct 
gevolg een sterke daling van de manprestatie. Hier- 
dcor wordt wel een intensieve mechanisatie gestimu- 
leerd, maar deze mechanisatie schept op haar beurt 
grote problemen, die nog slechts ten dele konden 
worden opgelost. 

Het grootste probleem, dat zich hierbij voordoet, 
is de ondersteuning. Bij de invoering van volmechani- 
sche kolenwinning moet een schaaf- of schraapmachi- 
ne vrij langs het kolenfront kunnen bewegen, zodat 
over een bepaalde breedte geen stutwerk in de weg 
mag staan. De vraag is derhalve, hoe lang het duurt 
voordat de boven de kolen liggende steen formatie 
instort, wanneer zij niet wordt ondersteund. En dit 


gebeurt in het Limburgse bekken meestal zeer spoe- 


dig. Door het ontwerpen van nieuw stutmateriaal en 


_ smalle machines heeft men dit probleem zo ver onder 


de knie gekregen dat reeds bijna 30 pct. van de ko- 
lenproduktie mechanisch kan worden gewonnen. 
Daarmee staan de Limburgse mijnen aan de spits in 
Europa. 

De ontginning van onzuiverder kolenlagen plaatst 
de wasserijen, die de naar boven gebrachte kolen van 
de stenen moeten scheiden, voor moeilijkheden. De 
styging van het percentage fijne delen in het pro- 
dukt door de mechanisatie vergroot deze moeilijkhe- 
den nog, evenals de vooral na de oorlog ingeburgerde 
gewoonte om de kolen ondergronds met water te 
bevochtigen ter wille van de stotbestrijding. De laat- 
ste jaren zijn dan ook grote bedragen geinvesteerd 
in de ontwikkeling en de bouw van nieuwe wasserijen. 

De toenemende diepte van de mijnen heeft in de 
ecrste plaats gevolgen voor wat betreft de tempera- 
tuur. Met elke honderd meter neemt de temperatuur 
toe met 4 graden Celcius. De grotere atmosferische 
druk, die als gevolg van het naar beneden stromen 
van de lucht in de mijn heerst, heeft ook een tempera- 
tuurverhogende uitwerking. De toenemende warmte 
noopt tot een zo ver mogelijk gaande vermindering 
van de lichamelijke inspanning, dus wederom tot 
mechanisatie en tot het ventileren met grote hoeveel- 
heden lucht. Uiteindelijk komt men tot het installeren 
van koelmachines in het ondergronds bedrijf, wat 
reeds in enige diepe Duitse en Belgische mijnen het 
geval is. De kosten hiervan drukken echter zwaar 
op de kostprijs van de kolen. 

Een ander gevolg van de toenemende diepte is de 
grotere ontwikkeling van mijngas. Hoe sterk de mijn- 
gasatgitte door gesteente en kolen stijgt is gebleken 
uit de waarnemingen in staatsmijn Hendrik. Op de 
316 meter-verdieping van deze mijn vond men een 
aigitte van 0.4 m” methaan per ton gewonnen kolen, 
op de 855 meter-verdieping echter reeds 21.8 m?. Men 
zal dus op grote schaal de na de oorlog omgekomen 
techniek van de mijngasafzuiging moeten gaan toe- 
passen om te voorkomen dat de ontginning ernstig 
wordt geremd doordat het mijngasgehalte te groot 
wordt. 

De toenemende diepte en grote mijngasontwikke- 
ling maken het noodzakelijk dat diepe mijnen met 
zeer veel lucht worden geventileerd. De energiekosten 
van deze ventilatie zım hoog. De ventilatie van een 
grote mijn met 10.000 m? lucht per minuut vraagt 
een ventilator van 500 PK. Maar bij verdubbeling 
van de hoeveelheid lucht is het benodigde vermogen 
achtmaal zo groot. De economie van de ventilatie 
verdient derhalve grote aandacht, waarbij op te mer- 
ken valt dat alleen reeds het energieverbruik van de 
hoofdventilatoren van de staatsmynen een bedrag 
van f 2.5 miljoen per jaar vergt. 

Naarmate de diepte groter wordt, wordt de wer- 
king van het gesteente om open ruimte weer op te 
vullen, steeds groter. De bekleding van ondergrondse 
laadplaatsen, pompstations e.d. moet dus steeds 
zwaarder worden en daardoor ook duurder. Tot nu 
toe geschiedt dit zuiver aan de hand van de erva- 
ring. Maar op den duur zijn met deze werken zo 
grote kapitalen gemoeid, dat het noodzakelijk is een 
studie te maken van de verdeling van de belasting op 
de betonnen bekleding. N 

Ten slotte neemt bıj grotere diepte de hoeveelheid 
kolen, die door een schacht vervoerd kan worden af 
door de toenemende trektijd en de afnemende nut- 
tige last. Maatregelen hiertegen zoals de automatise- 
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ting van de ophaalmachines en de ruimere toepassing 
van skipvervoer, zijn in studie. 


1958: VIERDE CARBOONCONGRES IN 

HEERLEN — Het vierde internationale congres voor 
de stratigrafie en de geologie van het Carboon, zal 
van 15-20 september 1958 te Heerlen plaats vinden. 
Voorafgaande aan het Congres zal van 10-13 sep- 
tember 1958, eveneens te Heerlen, de eerste inter- 
nationale bijeenkomst voor kolenpetrologie worden 
gehouden. 
. Het ligt in de bedoeling de Carbooncongressen 
in de toekomst om de acht jaar te houden, waarbij 
de plaats telkens door het voorgaande congres zal 
worden gekozen. In verband met het 50-jarig bestaan 
van het Geologisch Bureau zal het vierde congres 
nog in Heerlen plaatsvinden. 

Verder bijzonderheden verschaft de eerste circu- 
laire, die kan worden aangevraagd bij de Secretary, 
Fourth Inteınational Carboniferous Congress, Geolo- 
gisch Bureau, Akerstraat 86-88, Heerlen. 


UIT HET JAARVERSLAG VAN DE E.G.K.S. — 
De staalproduktie van de Europese Gemeenschap voor 
Kolen en Staal is in de periode van 1952 tot 1956 
met 36% toegenomen. Deze vooruitgang wordt in 
het verslag over 1956 door de Hoge Autoriteit echter 
niet uitsluitend toegeschreven aan de werking van de 
gemeenschappelijke markt. 

De produktiecapaciteit voor staal kan tot 1960 
worden uitgebreid tot 73.5 miljoen ton en tot 1965 
tot 86 miljoen ton. De produktie van metaallurgische 
cckes in de gemeenschap zal kunnen stijgen tot 105 
miljoen ton in 1975. De kolenbehoefte wordt geschat 
op 308 miljoen ton in 1960, 332 miljoen ton in 1965: 
en 362 miljoen ton in 1975. De H.A. acht een in- 
grijpende reorganisatie van de invoer van Ameri- 
kaanse kolen onontbeerlijk. 

De handel in ijzer- en staalprodukten en in steen- 
kolen en steenkoolbriketten tussen de landen der ge- 
meenschap, gaf in 1956 een achteruitgang te zien. De 
vitwisseling van steenkolen en steenkoolbriketten 
daalde met 15%, n.l. van 23.2 miljoen tot 19.7 mil- 
joen ton. De omvang van de handel bleef echter nog 
20% boven die van 1952. De cokesuitwisseling steeg 
van 9 miljcen ton in 1955 tot 9.1 miljoen ton in 
1956. 

De steenkolenproduktie in de gemeenschap steeg 
van 246.4 miljoen ton in 1955 tot 249.1 miljoen ton 
in 1956. De cokesproduktie in de gemeenschap ver- 
toonde een stijging van 68,6 miljoen ton in 1955 tot 
74.8 miljoen ton in 1956. 

De investeringen in de ijzer- en staalindustrie der 
gemeenschap hebben in 1952 t/m 1955 ongeveer de 
tegenwaarde van #550 miljoen per jaar bedragen, 
algezien van 1954, toen de investeringen slechts 450 
miljoen dollar beliepen. De geraamde investeringen 
van de komende jaren zijn aanzienlijk hoger. 

In de steenkoolindustrie bedroegen de investerin- 
gen in 1953 $ 448 miljoen, in 1954 $ 445 miljoen, in 
1955 $406 miljoen en in 1956 $420 miljoen. In 1957 
zullen zii $ 610 miljoen belopen, in 1958 $ 601 
miljoen en in 1959 $ 476 miljoen. 

De investeringen voorzien in produktiestijgingen 
in de kolenindustrie, die bij lange na niet voldoende 
zijn om te voorzien in de behoefte op lange termijn. 
De kolenmijnbouw van de Europese Gemeenschap 
voor Kolen en Staal staat hier voor een zeer ernstig 
probleem, aldus de H. A. 
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(8). 

OCKELOEN, m.i. Ir. G. — Haarlem, Louise de 
Colignylaan 22. (b). (tevens mutatie van bg 
naar b, per 1-1-1957). 

POMPER, A. B. — Utrecht, Dr. N. J. Looinklaan 12. 
(bg). 

SCHRIJVER, K. — Geologist, Invermere, BC, Canada, 
c/o Geological Survey Party. (g). (tevens mu- 
tatie van bg naar g). 

VLOTEN, BS, MA. Dr. R. van — Geoloog b. d. 
United States Geological Survey, Washington, 
DITDERUSAALEN 

WIT, Dr. R. de — Calgary, Alberta, Canada, c/o 
J. C. Sproule and Associates, Consulting Geo- 
logists, 901 - 8th Ave W. (g). 


Adressen gevraagd: 

MULDER, Dr. C. J. — (g). Laatste adres: Ankara, 
Turkije. 

SUNG, G. C. L. — (g) (gk). Laatste adres: Port of 
Spain, Trinidad. 

VENHUIS, G. P. — (bg) (M.V.D.). Laatste adres: 
Delft, Oostsingel 141. 
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MINING ENGINEERS, GEOLOGISTS AND METALLURGISTS 


interested in making contact with established Canadian mining companies 
with a view to employment are invited to write to 


CANADIAN METAL MINING ASSOCATION 
Room 335, 12 Richmond St. East, Toronto 1, Canada 


The Association will be pleased to furnish information concerning mining companies in Canada to 
which enquiries about employment opportunities can be directed. 
Enquiries would be welcomed also from trained and wellqualified mechanics, machinists, electricians 


and tradesmen. 


HET NEDERLANDS OCTROOM 


No. 59469 ten name van; 


William Dopp Shaffer en Frank Joseph Schweitzer 
beiden te BREA, Graafschap Orange, 
Staat Californie, betreffende: 


„AFDICHTINRICHTING 


voor diepboorgereedschap in een boorgat” 


wordt ter overneming of ter 
licentieverlening aangeboden 


Inlichtingen verstrekt: 


Octrooibur. Vriesendorp & Gaade 


- Dr. Kuyperstraat 6, 's-Gravenhage 4 


Adverteren in 


GEOLOGIE En MIJINBOUW 


betekent: 


ALLE belanghebbenden 


in &eens bereiken 


”KAMP EERDE”, DE HANDIGE TENT 


Deze tent, 170 x 200 met een hoogte van 
140 cm is reeds in 1929 door Dr. Visser 
gebruikt in de Karokorum en in 1937 door 
Dr. A. H. Colijn in het Carstenszgebergte. 

Het is nog steeds de handigste tent voor geo- 
logen, licht in gewicht (5.8 kg) en toch sterk, 
Priis compleet met ingenaaid grondzeil f 130. — 


Prijslijst van onze tenten zenden wij U gaarne ! 


CARLDENIG! 


UITENEPORT-UITRUSTINGEN 
WETERINGSCHANS 113-115 AMSTERDAME 


„RAYBESTOS' remvoeringen 


Reeds meer dan 50 jaar adviseurs voor de grootste 


Amerikaanse industrie&n 


Profiteert van hun ervaring en van onze grote voorraden 


Importeurs: 


HANDELSCOMPAGSNIE N.V., waaıHaven 0.2. 1 | 


ROTTERDAM 


ee 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


130 mm 530 kg 400 mm 
@ 


a Pbij ar 1300 kg slaglengte BOOT 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


%« 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA” 


HEERLEN - CAUMERBEEKLAAN 40 
TELEFOON K 4440 - 6392 


MImNlocomotieven % Luchtcompressors 


PETER W.A. HOEK’s Postbus 78 
ennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


ALLIS-CHALMERS 
MIINBOUWMACHINES 


LOW-HEAD 
RIPL.FLO _TRILZEVEN 


enkel, dubbel en drie-deks 
= 


SLIKPOMPEN 


voor vloeistoffen met vaste bestand- 
delen 


Gemakkelijk in onderhoud en 
contröle 


x 
HYDROCONE BREKERS 


voor elke toepassing 

Betrouwbaar 

Lange levensduur 

Capaciteit van 7 tot 1000 ton 
materiaal per uur 

Afmetingen van het product van 1/8” 


tot 2.5” 


“ 
TEXROPE AANDRIJVINGEN 


met V-riemen 
SNAARSCHIJVEN 


met Magic-grip-naven 


- AMSTERDAM-Z - POSTBUS 5014 
TELEFOON 793222 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem. 


; 
3 
} 
E 


SVENSKA DIAMANTBERGBORRNINGS AB 


DRUKKER & Zn. N.V. 


Ringdiik 2 - AMSTERDAM - Phone 50369 - 53068 


DIAMONDS 


en 
ALLE CORRESPONDENTIE BETREFFENDE ‘ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MIINBOUW” HOFWIJCKSTR. 9, DEN HAAG, TEL. 111875 - 


